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“Once in a blue moon” describes the phenomenon in which 
the moon appears as a brilliant blue. Seen worldwide following 
the volcanic eruption of Krakatoa in 1883, the blue moon occurs 
only when atmospheric cloud droplets, each less than 5 nm in 
diameter, form in abundance—an exceedingly rare event.’ 
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RAP™ _ TheLessSedating Therapy for Tourette Syndrome 


(pimozide) Tablets 


INDICATIONS AND USAGE 
ORAP (pimozide) is indicated for the suppression of motor and phonic tics in patients 
with Tourette's Disorder who have failed to respond satisfactorily to standard treatment. 
ORAP is not intended as a treatment of first choice nor is it intended for the treatment for 
tics that are merely annoying or cosmetically troublesome. ORAP should be reserved for 
use in Tourette's Disorder patients whose development and/or daily life function is 
severely compromised by the presence of motor and phonic tics. 
Evidence supporting approval of pimozide for use in Tourette's Disorder was obtained 
in two controlled clinical investigations which enrolled patients between the ages of 8 and 
53 years. Most subjects in the two trials were 12 or older. 


1.  ORAP (pimozide) is contraindicated in the treatment of simple tics or tics other 
than associated withTourette's Disorder. 

2.  ORAP should not be used in patients taking drugs that may, themselves, cause 
motor and phonic tics (e.9., pemoline, methylphenidate and amphetamines) until 
such patients have been withdrawn from these drugs to determine whether or not 
the drugs, rather than Tourette's Disorder, are responsible for the tics. 

3. Because ORAP prolongs the QT interval of the electrocardiogram it is 
contraindicated in patients with congenital long QT syndrome, patients with a 
history of cardiac arrhythmias, or patients taking other drugs which prolong the QT 
interval of the electrocardiogram (see DRUG INTERACTIONS). 

4, ORAP is contraindicated in patients with severe toxic central nervous system 
depression or comatose states from any cause. 

5.  ORAP is contraindicated in patients with hypersensitivity to it. As it is not known 
whether cross-sensitivity exists among the antipsychotics, pimozide should be 
used with appropriate caution in patients who have demonstrated hypersensitivity 
to other antipsychotic drugs. 


WARNINGS 
The use of ORAP (pimozide) in the treatment of Tourette's Disorder involves different 
risk/benefit considerations than when antipsychotic drugs are used to treat other 
conditions. Consequently, a decision to use ORAP should take into consideration the 
following: (see also PRECAUTIONS-—Information for Patients). 


Tardive Dyskinesia A syndrome consisting of potentially irreversible, involuntary, 
dyskinetic movements may develop in patients treated with antipsychotic drugs. 

the prevalence of the syndrome appears to be highest among the elderly, 
ceca tab ween, K Anaia ak, aout AADS Giaa © eile. at 
the inception of antipsychotic treatment, which patients are likely to develop the 
syndrome. Whether antipsychotic drug products differ in their potential to cause tardive 
dyskinesia is unknown. 

Both the risk of developing tardive dyskinesia and the likelihood that it will become 
irreversible are believed to increase as the duration of treatment is withdrawn. 
Antipsychotic treatment, itself, however, may suppress (or partially suppress) the signs 
and symptoms of the syndrome and thereby may possibly mask the underlying process. 
The effect that symptomatic suppression has upon the long-term course of the 
syndrome is unknown. 

Given these considerations, drugs should be prescribed in a manner 
that is most likely to minimize the occurrence of tardive dyskinesia. Chronic 
antipsychotic treatment should generally be reserved for patients who suffer from a 
chronic iliness that, 1) is known to respond to antipsychotic drugs, and, 2) for whom 
alternative, equally effective, but potentially less harmful treatments are not available or 
appropriate. In patients who do require chronic treatment, the smallest dose and the 
shortest duration of treatment producing a satistactory clinical response should be 
sought. The neéd for continued treatment should be reassessed periodically. 

If signs and symptoms of tardive dyskinesia appear in a patient on antipsychotics, 
drug discontinuation should be considered. However, some patients may require 
treatment despite the presence of the syndrome 

(For further information about the description of tardive dyskinesia and its clinical 
detection, please refer to ADVERSE REACTIONS and PRECAUTIONS—information for 
Patients.) 


Neuroleptic Malignant Syndrome (NMS) A potentially fatal symptom complex 
sometimes referred to as Neuroleptic Malignant Syndrome (NMS) has been reported in 
association with drugs. Clinical manifestations of NMS are 

muscle rigidity, altered mental status (including catatonic signs) and evidence of 
autonomic instability (irregular pulse or blood pressure, tachycardia, diaphoresis, and 
cardiac dysrhythmias). Additional signs may include elevated creatine phosphokinase, 
myoglobinuria (rhabdomyolysis) and acute renal failure. 

The diagnostic evaluation of patients with this syndrome is complicated. In arriving at 
a diagnosis, it is important to identify cases where the clinical presentation includes both 
serious medical illness (e.g., pneumonia, systemic infection, etc.) and untreated or 
inadequately treated extrapyramidal signs and symptoms (EPS). Other important 
considerations in the differential diagnosis include central anticholinergic toxicity, heat 
stroke, drug tever and primary central nervous system (CNS) 

The management of NMS should include 1) immediate discontinuation of 
antipsychotic drugs and other drugs not essential to concurrent therapy, 2) intensive 
symptomatic treatment and madical monitoring, and 3) treatment of any concomitant 
serious medical problems for which specific treatments are available. There is no general 
agreement about specific pharmacological treatment regimens for uncomplicated NMS. 

if a patient requires antipsychotic drug treatment after recovery from NMS, the 
potential reintroduction of drug therapy should be carefully considered. The patient 
should be carefully monitored, since recurrences of NMS have been reported. 

Hyperpyrexia, not associated with the above symptom complex, has been reported 
Other Sudden, unexpected deaths have occurred in experimental studies of conditions 
other than Tourette's Disorder. These deaths occurred while patients were receiving 
dosages in the range of 1 mg per kg. One possible mechanism for such deaths is 
prolongation of the QT interval predisposing patients to ventricular arrhythmia. An 
electrocardiogram should be performed before ORAP treatment is initiated and 
periodically thereafter, especially during the period of dose adjustment. 

ORAP may have a tumorigenic potential. Based on studies conducted in mice, it is 
known that pimozide can produce a dose related increase in pituitary tumors. The full 
significance of this finding is not known, but should be taken into consideration in the 
physician's and patient's decisions to use this drug product. This finding should be given 
special consideration when the patient is young and chronic use of pimozide is 
anticipated. (see PRECAUTIONS-Carcinogenesis, Mutagenesis, Impairment of Fertility). 


PRECAUTIONS 

General ORAP (pimozide) may impair the mental and/or physical abilities required for 
the performance of potentially hazardous tasks, such as driving a car or operating 
machinery, especially during the first few days of therapy. 

ORAP produces anticholinergic side effects and should be used with caution in 
individuals whose conditions may be aggravated by anticholinergic activity. 

ORAP should be administered cautiously to patients with impairment of liver or 
kidney function, because it is metabolized by the liver and excreted by the kidneys. 

Antipsychotics should be administered with caution to patients receiving 
anticonvulsant medication, with a history of seizures, or with EEG abnormalities, because 
they may lower the convulsive threshold. If indicated, adequate anticonvulsant therapy 
should be maintained concomitantly. 


Laboratory Tests An ECG should be done at baseline and periodically thereafter 
throughout the period of dose adjustment. Any indication of prolongation of OT, interval 
beyond an absolute limit of 0.47 seconds (children) or 0.52 seconds (adults), or more 
than 25% above the patient's original baseline should be considered a basis for stopping 
further dose increase (see CONTRAINDICATIONS) and considering a lower dose. 


Since hypokalemia has been associated with ventricular arrhythmias, potassium 
insufficiency, secondary to diuretics, diarrhea, or other cause, should be corrected before 
ORAP therapy is initiated and normal potassium maintained during therapy 


Drug Interactions Because ORAP prolongs the QT interval of the electrocardiogram, an 
additive effect on OT interval would be anticipated if administered with other drugs, such 


. Adverse Reaction 


as phenothiazines, tricyclic antidepressants or antiarrhythmic agents, which prolong the 
QT interval. Such concomitant administration should not be undertaken (see 
CONTRAINDICATIONS). 


ORAP may be capable of potentiating CNS depressants, including analgesics, 
sedatives, anxiolytics, and alcohol. 


Carcinogenesis, Mutagenesis, Impairment of Fertility Carcinogenicity studies were 
conducted in mice and rats. In mice, pimozide causes a dose-related increase in pituitary 
and mammary tumors. 

When mice were treated for up to 18 months with pimozide, pituitary gland changes 
developed in females only. These changes were characterized as hyperplasia at doses 
approximating the human dose and adenoma at doses about fitteen times the maximum 
recommended human dose on a mg per kg basis. The mechanism for the induction of 
pituitary tumors in mice is not known 

Mammary gland tumors in female mice were also increased, but these tumors are 
expected in rodents treated with antipsychotic drugs which elevate prolactin levels. 
Chronic administration of an antipsychotic also causes elevated prolactin levels in 
humans. Tissue culture experiments indicate that approximately one-third of human 
breast cancers are prolactin-dependent in vitro, a factor of potential importance if the 
prescription of these drugs is contemplated in a patient with a previously detected breast 
cancer. Although disturbances such as galactorrhea, amenorrhea, gynecomastia, and 
impotence have been reported with antipsychotic drugs, the clinical significance of 
elevated serum prolactin levels is unknown for most patients. Neither clinical studies nor 
epidemiologic studies conducted to date have shown an association between chronic 
administration of these drugs and mammary tumorigenesis. The available evidence, 
however, is considered too limited to be conclusive at this time. 

In a 24 month carcinogenicity study in rats, animals received up to 50 times the 
maximum recommended human dose. No increased incidence of overall tumors or 
tumors at any site was observed in either sex. Because of the limited number of animals 
surviving this study, the meaning of these results is unclear. 

Pimozide did not have mutagenic activity in the Ames test with four bacterial test 
strains, in the mouse dominant lethal test or in the micronucleus test in rats. 

Reproduction studies in animals were not adequate to assess all aspects of fertility. 
Nevertheless, female rats administered pimozide had prolonged estrus cycles, an effect 
also produced by other antipsychotic drugs. 


Pregnancy Category C. Reproduction studies performed in rats and rabbits at oral doses 
up to 8 times the maximum human dose did not reveal evidence of teratogenicity. In the 
rat, however, this multiple of the human dose resulted in decreased pregnancies and in 
the retarded of fetuses. These effects are thought to be due to an inhibition 
or delay in implantation which is also observed in rodents administered other 
antipsychotic drugs. In the rabbit, maternal toxicity, mortality, decreased weight gain, 
and embryotoxicity including increased resorptons were dose related. Because animal 
reproduction studies are not always predictive of human response, pimozide should be 
given to a pregnant woman only if the potential benefits of treatment clearly outweigh the 
potential risks. 

Labor and Delivery This drug has no recognized use in labor or delivery. 

Nursing Mothers It is not known whether pimozide is excreted in human milk. Because 
many drugs are excreted in human milk and because of the potential for tumongenicity 
and unknown cardiovascular effects in the infant, a decision should be made whether to 
discontinue nursing or to discontinue the drug, taking into account the importance of the 
drug to the mother. 


Pediatric Use Although Tourette's Disorder most often has its onset between the ages of 
2 and 15 years, information on the use and efficacy of ORAP in patients less than 12 
years of age is limited. 

Because its use and safety have not been evaluated in other childhood disorders, 
ORAP is not recommended for use in any condition other than Tourette's Disorder. 


ADVERSE REACTIONS 
General: Extrapyramidal Reactions: Neuromuscular (extrapyramidal) reactions during 
the administration of ORAP (pimozide) have been reported frequently, often during the 
first few days of treatment. In most patients, these reactions involved Parkinson-like 
symptoms which, when first observed, were usually mild to moderately severe and 
usually reversible. 

Other types of neuromuscular reactions (motor restlessness, dystonia, akathisia, 
hyperreflexia, opisthotonos, oculogyric crises) have been reported far less frequently. 
Severe extrapyramidal reactions have been reported to occur at relatively low doses. 
Generally the occurrence and severity of most extrapyramidal symptoms are dose related 
since they occur at relatively high doses and have been shown to disappear or become 
less severe when the dose is reduced. Administration of antiparkinson drugs such as 
benztropine mesylate or trihexyphenidyl hydrochloride may be required for control of 
such reactions. It should be noted that persistent extrapyramidal reactions have been 
reported and that the drug may have to be discontinued in such cases. 

Withdrawal Emergent Neurological Signs: Generally, patients receiving short term 
therapy experience no problems with abrupt discontinuation of antipsychotic drugs. 
However, some patients on maintenance treatment experience transient dyskinetic signs 
after abrupt withdrawal. In certain of these cases the dyskinetic movements are 
indistinguishable from the syndrome described below under “Tardive Dyskinesia’ except 
for duration. It is not known whether gradual withdrawal of antipsychotic drugs will 
reduce the rate of occurrence of withdrawal emergent neurological signs but until further 
evidence becomes available, it seems reasonable to gradually withdraw use of ORAP. 

Tardive Dyskinesia: ORAP may be associated with persistent dyskinesias. Tardive 
dyskinesia, a syndrome consisting of potentially irreversible, involuntary, dyskinetic 
movements, may appear in some patients on long-term therapy or may occur after drug 
therapy has been discontinued. The risk appears to be greater in elderly patients on high- 
dose therapy, especially females. The symptoms are persistent and in some patients 
appear irreversible. The syndrome is characterized by rhythmical involuntary 
movements of tongue, face, mouth or jaw (e.g., protrusion of tongue, puffing of cheeks, 
puckering of mouth, chewing movements). Sometimes these may be accompanied by 
involuntary movements of extremities and the trunk. 

There is no known effective treatment for tardive dyskinesia; antiparkinson agents 
usually do not alleviate the symptoms of this syndrome. It is suggested that all 
antipsychotic agents be discontinued if these symptoms appear. Should it be necessary 
to reinstitute treatment, or increase the dosage of the agent, or switch to a different 
antipsychotic agent, this syndrome may be masked. 

it has been reported that fine vermicular movement of the tongue may be an early 
sign of tardive dyskinesia and if the medication is stopped at that time the syndrome may 
not develop. 

Electrocardiographic Changes: Electrocardiographic changes have been observed in 
clinical trials of ORAP in Tourette's Disorder and schizophrenia. These have included 
prolongation of the QT interval, flattening, notching and inversion of the T wave and the 
appearance of U waves. Sudden, unexpected deaths and grand mal seizure have 


occurred at doses above 20 mg/day 
Neuroleptic Malignant Syndrome: Neuroleptic malignant syndrome (NMS) has been 
reported with ORAP. (See WARNINGS for further information concerning NMS.) 
Hyperpyrexia: Hyperpyrexia has been reported with other antipsychotic drugs. 
Clinical Trials The tollowing adverse reaction tabulation was derived from 20 patients in 
a 6 week long placebo controlled clinical trial of ORAP in Tourette's Disorder. 
Body System/ Pimozide Placebo 
(N = 20) (N = 20) 
Body as a Whole 
Headache 1 2 


Gastrointestinal 
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Body/System/ Pimozide Placebo 

Adverse Reaction (N = 20) (N = 20) 

Endocrine 

Menstrual disorder 0 1 

Breast secretions 0 1 

Musculoskeletal 

Muscle cramps 0 1 

Muscle tightness 3 0 

Stooped posture 2 0 

CNS 

Drowsiness 7 3 

Sedation 14 5 

insomnia 2 2 

Dizziness 0 1 

Akathisia 8 0 

Rigidity 2 0 

Speech disorder 2 0 

Handwriting change 1 0 

Akinesia 8 0 

Psychiatric 

Depression 2 3 

Excitement 0 1 

Nervous 1 0 

Adverse behavior 5 0 
effect 

Special Sense 

Visual disturbance 4 0 

Taste change 1 0 

Sensitivity of eyes 1 0 
to light 

Decreased accom- 4 1 
modation 

Spots before eyes 0 1 

Urogenital 

impotence 3 0 


Because Clinical investigational experience with ORAP in Tourette's Disorder is 
limited, uncommon adverse reactions may not have been detected. The physician 
should consider that other adverse reactions associated with antipsychotics may occur. 


Other Adverse Reactions In addition to the adverse reactions listed above, those listed 
below have been reported in U.S. clinical trials of ORAP in conditions other than 
Tourette's Disorder 

Body as a Whole: Asthenia, chest pain, periorbital edema 

Cardiovascular/Respiratory Postural hypotension, hypotension, hypertension, 
tachycardia, palpitations 

Gastrointestinal: Increased salivation, nausea, vomiting, anorexia, GI distress 

Endocrine: Loss of libido 

Metabolic/Nutrtional: Weight gain, weight loss 

Central Nervous System: Dizziness, tremor, parkinsonism, fainting, dyskinesia 

Psychiatric: Excitement 

Skin: Rash, sweating, skin initaon 

Special Senses: Blurred vision, cataracts 

Urogenital: Nocturia, urinary frequency 
Postmarketing Reports The following experiences were described in spontaneous 
postmarketing reports. These reports do not provide sufficient information to establish a 
clear causal relationship with the use of ORAP. 

Hematologic: Hemolytic anemia 


OVERDOSAGE 

In general, the signs and symptoms of overdosage with ORAP (pimozide) would be 
an exaggeration of known pharmacologic effects and adverse reactions, the most 
prominent of which would be: 1) electrocardiographic abnormalities, 2) severe 
extrapyramidal reactions, 3) hypotension, 4) a comatose state with respiratory 
depression. 

In the event of overdosage, gastric lavage, establishment of a patent airway and, if 
necessary mechanically-assisted respiration are advised Electrocardiographic 
and continue until the ECG parameters are 


as metaraminol, phenylephrine and 
case of severe extrapyramidal reactions, antiparkinson medication should be 
administered. Because of the long half-ife of pimozide, patients who take an overdose 
should be observed for at least 4 days. As with all drugs, the physician should consider 
contacting a poison control center for additional information on the treatment of 
overdose. 


DOSAGE AND ADMINISTRATION 

Reliable dose response data for the effects of ORAP (pimozide) on tic manifestations 
in Tourette's Disorder patients below the age of twelve are not available. Consequently, 
the suppression of tics by ORAP requires a slow and gradual introduction of the drug. 
The patient's dose should be carefully adjusted to a point where the suppression of tics 
and the relief afforded is balanced against the untoward side effects of the drug. 

An ECG should be cae ot beatin ahd polod erecta apici Cas ee 
period of dose adjustment (see WARNINGS and PRECAUTIONS~ Laboratory Tests). 

in general, treatment with ORAP should be initiated with a dose of 1 to 2 mg a day in 
divided doses. The dose may be increased thereafter every other day. Most patients are 
maintained at less than 0.2 mg/kg per day, or 10 mg/day, whichever is less. Doses 
greater than 0.2 mg/kg/day or 10 mg/day are not recommended. 

Periodic attempts should be made to reduce the dosage of ORAP to see whether or 
not tics persist at the level and extent first identified. In attempts to reduce the dosage of 
ORAP. consideration should be given to the possibility that increases of tic intensity and 
frequency may represent a transient, withdrawal related phenomenon rather than a return 
of disease symptoms. Specifically, one to two weeks should be allowed to elapse before 
one concludes that an increase in tic manifestations is a function of the underlying 
disease syndrome rather than a response to drug withdrawal. A gradual withdrawal is 
recommended in any case. 


HOW SUPPLIED 
ORAP (pimozide) 2 mg tablets, white, scored, imprint "LEMMON" and "ORAP 2-NDC 
0093-0187-01, bottles of 100. 
Dispense in tight, light-resistant containers as defined in the official compendium. 
Made in Canada 


Manutactured by: 
McNeil Pharmaceutical, (Canada) Lid. 
Stouftville, Ontario L4A 7x7 


Printed in USA 
Rev. A 6/88 
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CALENDAR OF MEETINGS 


1989 Neuroradiology Review Course, Oak Brook (lll) Hills Hotel and Conference Center. Contact 
Dr Linda K. Gunzburger, Loyola University Stritch School of Medicine, 2160 S First Ave, Maywood, 
IL 60153; (312) 531-3237. 

“Molecular and Cellular Mechanisms of Neuronal Plasticity in Aging and Alzheimer’s Disease,” 
National Institute on Aging, Bethesda, Md. Contact Dr Creighton H. Phelps, National Institute on 
Aging, Room 5C/35, Bldg 31, National Institutes of Health, Bethesda, MD 20892; (301) 
496-9350. 

“‘Radiosurgery: A Neurosurgical Approach for the Treatment of Cerebral Lesions,” Charlottesville, 
Va. Contact Professor Ladislau Steiner, Department of Neurological Surgery, University of Virginia, 
Charlottesville, VA 22908. 

Sixth Annual Chronic Pain Course, ‘‘Low Back Pain Evaluation and Management,’’ Houston 
Marriott Medical Center. Contact Tamara C. Greiner, Program Coordinator, The Office of 
Continuing Education, Baylor College of Medicine, 1 Baylor Plaza, Houston, TX 77030; (713) 
798-6020. 

Stress and the Aging Brain, Pavia, Italy. Contact E. Martignoni or F. Petraglia, IRCCS C. Mondino, 
Clinical Neurologica Ill, Universita di Pavia, Via Palestro 3, 27100 Pavia Italy; 0382-380270. 
“Current and Future Trends in Anticonvulsant, Anxiety, and Stroke Therapy,” Hyatt Regency 
Princeton (NJ). Contact Dr John C. Emmet, Dialog in Science, The Studio, 12 High St, 
Wheathampstead, Hertfordshire AL4 8A,A England; 058-283-4117. 

17th Annual Hans Berger Day Electroencephalogram Symposium, Richmond, Va. Contact Hans 
Berger Day, Department of Neurology, Medical College of Virginia, Box 599-MCV Station, 
Richmond VA 23298; (804) 786-0840. 

“Neurosurgical / Neurological Intensive Care: Update and Review,” The Cleveland (Ohio) Clinic 
Foundation. Contact The Cleveland Clinic Educational Foundation, Department of Continuing 
Education, 9500 Euclid Ave, Room TT-31, Cleveland, OH 44195-5241; (800) 762-8172 (Ohio), 
(800) 762-8173 (outside Ohio). 

Advanced Evoked Potentials and Related Techniques in Clinical Neurophysiology: Basic Principles 
and Special Applications, Rome. Contact Dr M. D. Caramia, Dipartimento di Sanita Pubblica, Il 
Universita’ di Roma ‘‘Tor Vergata,” Via O. Raimondo, 00173 Rome, Italy; (06) 5 914 436; telefax, 
(05) 6 133 063. 

14th International Symposium on Cerebral Blood Flow and Metabolism—Brain '89, Palazzo dei 
Congressi, Bologna, Italy. Contact Professor Cesare Fieschi, c/o GIBI Studio Congressi, Via 
Marco Besso, 40 00191 Rome, Italy; telephone 06/3286478-3273291. 

14th International Symposium on Cerebral Blood Flow and Metabolism: Brain 89, Bologna, Italy. 
Contact Professor Cesare Fieschi, c/o GIBI Studio Congressi, Via Marco Besso, 40 00191 Rome, 
Italy; (06) 3 286 478; telefax, (06) 3 276 288. 

“Virus and the Brain,” the Third Northern Lights Neuroscience Symposium, Reykjavik, Iceland. 
Contact Dr Gudmundur Georgsson, Institute for Experimental Pathology, University of Iceland, 
Keldur, PO Box 8540, IS-128, Reykjavik, Iceland; 354-1-82811. 

The International Symposium on Pediatric Neuro-Oncology, Seattle, Wash. Contact Continuing 
Medical Education, SC-50, University of Washington School of Medicine, Seattle, WA 98195; 
(206) 543-1050. 

‘‘Neurotransmission and Cerebrovascular Function,” an official satellite meeting of the 14th 
International Symposium on Cerebral Blood Flow and Metabolism, La Napoule, France. Contact Dr 
J. Seylaz, Inserm U 182, CNRS UA 641, 10 Avenue de Verdun, 75010 Paris, France; (33) 142 417 
969. 

24th Canadian Congress of Neurological Sciences, Ottawa, Ontario. Contact Secretariat, 
Canadian Congress of Neurological Sciences, 116C, 1330 15th Ave SW, Calgary, Alberta T3C 
3N6, Canada, (403) 229-9544. 

“Developments in Intensive Care Monitoring,” St Bartholomew's Hospital, London. Contact D. T. 
Delpy, Department of Medical Physics, University College London, Shropshire House, Capper 
Street, London WC1E6JA, England; (01) 380 9700. 

“Annual Postgraduate Course and Scientific Meeting,” Westin Hotel, Boston. Contact American 
Association for the Study of Headache, PO Box 5136, San Clemente, CA; (714) 498-1846. 
19th Central European Neurological Symposium, Vienna, Austria. Contact Mrs Elisabeth Ribar- 
Maurer, c/o Wiener Medizinische Akademie, Alser Strasse 4, A-1090 Vienna, Austria; (222) 42 
13 83-0. 
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News 


News From NINDS 


New Name, Responsibilities for 
NINCDS.—The National Institute of 
Neurological and Communicative Dis- 
orders and Stroke has now become the 
National Institute of Neurological 
Disorders and Stroke (NINDS), with 
the creation of a new institute to 
oversee federal research on communi- 
cative disorders. 

Dr Murray Goldstein, NINDS direc- 
tor, has named deputy director Dr 
Roger J. Porter to oversee the smooth 
transfer of responsibilities for studies 
in hearing loss and communicative 
disorders to the new National Insti- 
tute on Deafness and Other Commu- 
nicative Disorders (NIDCD). 

Dr Jay Moskowitz, associate direc- 
tor for science policy and legislation 
for the National Institutes of Health, 
has been appointed acting director of 
the new institute. Dr Moskowitz will 
coordinate the search for a permanent 
director while managing the NIDCD 
staff currently being assembled. 

Information about specific changes 
in NINDS grant management respon- 
sibilities will be available at a later 
date. 


NINDS Announces New Career Devel- 
opment Award Recipients.—Ten new 
Clinical Investigator Development 
Awards and two Research Career 
Development Awards have been made 
by NINDS. The awards were approved 
by the National Advisory Neurologi- 
cal Disorders and Stroke Council, 
which met in October 1988. The 
awardees and their project titles fol- 
low. 


Clinical Investigator Development Awards 

Denis I. Altman, MB, BCh, Washington 
University School of Medicine, St Louis, 
Mo, “PET in Cerebrovascular Disorders 
of Newborn Infants” 

Phillip F. Chance, MD, University of Utah 
Medical Center, Salt Lake City, “Genetic 
Analysis of Charcot-Marie-Tooth Dis- 
ease” 

Marc D. Coltrera, MD, University of Wash- 
ington, Seattle, “Head and Neck Carci- 
noma Cell Kinetics” 
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Mark R. Gilbert, MD, The Johns Hopkins 
Hospital, Baltimore, Md, “Neuronal 
Cytoskeleton in Culture Models of Injury 
and Repair” 

D. Jeffery Higginbotham, PhD, State Uni- 
versity of New York at Buffalo, “Com- 
munication Device Effect on Conversa- 
tional Performance” 

John J. Laterra, MD, PhD, The Kennedy 
Institute for Handicapped Children, Bal- 
timore, Md, “Adhesion Molecules of 
Brain Microvessel Cells” 

Gregory P. MacDonald, MD, University of 
California, San Francisco, “Models of 
Down Syndrome Based on Genetic 
Homology” 

Michael I. Nerenberg, MD, Scripps Clinic 
and Research Foundation, La Jolla, 
Calif, “Transgenic Models of Viral Neu- 
ropathy” 

Steven S. Schreiber, MD, University of 
Southern California School of Medicine, 
Los Angeles, “Molecular Biology of 
Memory” 

John M. Shoffner, MD, Emory University, 
Atlanta, Ga, “Molecular Genetics of 
Maternally Transmitted Disease” 


Research Career Development Awards 

Cynthia J. Forehand, PhD, University of 
Vermont, Burlington, “Innervation of 
Target-Identified Sympathetic Neu- 
rons” 

Sherry L. Rogers, University of New Mexi- 
co, Albuquerque, “Laminin and Fibro- 
nectin” 

Application deadlines for Clinical Inves- 
tigator Development Awards and Research 
Career Development Awards are February 
1, June 1, and October 1 of each year. 
Additional information can be obtained 
from Mr Edward M. Donohue, Deputy 
Director, Division of Extramural Activi- 
ties, NINDS, National Institutes of Health, 
Bethesda, MD 20892; (301) 496-4188. 


NINDS Revises Intramural Research 
Training Program Guide.— The NINDS 
has revised its guide to intramural 
research and training awards for 
basic and clinical studies in the neuro- 
sciences. 

The updated publication outlines 
on-campus studies and training 
opportunities such as the Staff Fel- 
lowship, Medical Staff Fellowship, 
Intramural Research Training 
Award, and Visiting Fellow programs, 


as well as programs available to stu- 
dents. 

Single copies of NINDS Intramural 
Research Training Programs may be 
obtained from the Office of Scientific 
and Health Reports, NINDS, Bldg 31, 
Room 8A16, Bethesda, MD 20892; 
(301) 496-5751. 


Foundation Announces Awards.—Two 
researcher-scientists have received 
awards from the Rita G. Rudel Foun- 
dation, Chappaqua, NY. 

Daniel Tranel, PhD, University of 
Iowa College of Medicine, Iowa City, 
has received the 1988/1989 Rita G. 
Rudel Award. The $20000 grant will 
support his research of developmental 
defects of facial recognition. 

The foundation also gave a special 
award in Recognition of Distin- 
guished and Meritorious Research to 
Gayle Gross de Nunez, PhD, Duke 
University Medical Center, Durham, 
NC. The $2500 grant will support her 
research of tactile deprivation and 
topographic changes in brain meta- 
bolic activity. 

Dr Tranel is assistant professor of 
neurology and codirector of the Divi- 
sion of Behavioral Neurology and Cog- 
nitive Neuroscience, Department of 
Neurology, University of lowa College 
of Medicine. He received the doctor of 
philosophy degree in 1982 from the 
University of Iowa. 


New Award Announced.—The Na- 
tional Stroke Association, Englewood, 
Colo, has recently received a grant 
from Allied-Signal Inc, New York, for 
fellowships in cerebrovascular dis- 
ease. The National Stroke Association 
is a small, recently founded, nonprofit 
organization, and is currently the only 
national organization dedicated solely 
to fighting stroke, the third leading 
cause of death and the leading cause 
of disability in the United States. For 
further information, contact Carolyn 
Burkhardt, MD, Research Program 
Coordinator, National Stroke Associ- 
ation, 300 E Hampden Ave, Suite 240, 
Englewood, CO 80110-2622; (303) 762- 
9922. 


News 


Consider how many patients you refer for 
vascular diagnosis. How many patients 
| you risk losing. 


There’s an alternative. Unlike referral, it 
‘doesn’t delay diagnosis, nor jeopardize 
your continued management of a 

patient. 


It’s Biosound. Neurologists across 
the country have relied on Biosound 
ultrasound for over 10 years. Here’s why. 


In-Office Cerebrovascular Evaluation. 
The close relationship between 
extracranial carotid disease and cerebral 
ischemic events is well-documented. With 
Biosound equipment, our customers have 


expanded the scope of their practice by. . . 


¢ Diagnosing carotid artery disease 


¢ Differentiating soft from 
calcified plaque 


@ Evaluating hemodynamically 
significant lesions 


Identifying the cause of vertebrobasilar 
insufficiency 


And they determine the course of 
treatment, and chart its effectiveness with 
serial follow-up studies. 


Transcranial Doppler (TCD). Until TCD, 
the cerebral arteries had eluded all 
noninvasive means of examination. Now 
TCD permits noninvasive, quantitative 
‘assessment of intracerebral arterial flow, 
and offers valuable clinical contributions, 
including . . . 


¢ Monitor vasospasm following 
subarachnoid hemorrhage 


¢ Determine collateral capacity in ECA/ 
ICA bypass candidates 


Identify AVM feeder arteries 

Assess the degree of cerebral ischemia 
Locate siphon lesions 

Both the Phase 2 and Genesis II duplex 


systems from Biosound offer 2MHz pulsed 
TCD with measurement and analysis 


AAN Booth #345 


support software. Biosound’s TCD 
technology will not only assist in 
diagnostic and surgical decisions, but it 
will also be an important aid during 
surgery and in surgical and therapeutic 
follow-up. 


Ultrasound and You. Considering adding 
ultrasound to your practice? Think 
Biosound. Only we provide advanced 
annular phased array imaging technology 
plus integrated TCD, with. . . 


® A choice. Why settle for a stand-alone 
TCD device that can’t begin to address the 
original issues of diagnostic timeliness 
and patient management? Biosound offers 
two full-feature duplex systems, both with 
TCD. 


 CME-accredited education. Our 
comprehensive programs in vascular 
scanning and interpretation and TCD 
ensure that you and your technologists 
receive the training needed to get you 
started and keep you up-to-date. 


Financial alternatives. If leasing 
best-suits your financial requirements, 
your Biosound representative can provide 
a customized pay-back analysis at your 
request. 


Contact Biosound today to receive your 
complimentary TCD bibliography and 
additional information on how we can 
help you expand your practice, not 
someone else's. 


6405 Castleway Court 
P.O. Box 50858 
Indianapolis, Indiana 46250-0858 
800/428-4374 e 317/849-1793 


È 

Transcranial Doppler - Noninvasive, 

quantitative assessment of intracerebral 
| 
| 


arterial flow. 


Biosound’s Phase 2 - The highest resolution 
vascular imager in the world with an 
impressive list of industry firsts. 


Biosound’s Genesis II - Advanced annular 
array technology and full duplex 
capabilities in a portable, cost-effective 


package. 


\\ a | 
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Letters to the Editor 


Letters to the editor should be submitted as an original and two duplicates. They should be 
typewritten double-spaced on plain bond paper; they will be subject to editing. If they are 
prepared on a word processor, do not justify the right margin. A copyright transmittal 
letter signed by all authors must accompany this (see “Instructions for Authors”). 


Does Neuroretinitis Rule Out 
Multiple Sclerosis? 


To the Editor..—We are writing 
regarding the article by Parmley et al! 
that appeared in the October 1987 
issue of the ARCHIVES. 

While we do not question the possi- 
bility of neuroretinitis being a sepa- 
rate entity from multiple sclerosis 
(MS), we believe that the statement 
“Patients... with a macular star do 
not have the same chance of MS devel- 
oping as do patients who have optic 
neuritis without a star” may over- 
state the case. The reasons follow. 

First, the follow-up period for the 
10 prospective patients is short, 1 to 2 
years... Even though the study by 
Cohen and Lessell’ notes that approx- 
imately 40% of patients who would 
develop definite MS over the 7.1 years 
of the study did so in the first year 
(and about 50% in the first 2 years), 
we now know from their later data‘ 
that, after 15 years, about 80% to 90% 
will develop MS. Therefore, a signifi- 
cant number of patients develop MS 
late, and the neuroretinitis issue 
needs more follow-up time. 

Second, the number of patients (as 
acknowledged by the authors) is 
small; 10 prospective and 13 contacted 
by telephone retrospectively. The tele- 
phone contacts may also leave some 
room for inaccuracy. 

Third, the fact that three patients 
had “other neurologic manifesta- 
tions” makes one wonder about a sys- 
temic disease and perhaps late expres- 
sion of the same. 

Finally, since some cases of optic 
neuritis in MS are expressed as papil- 
litis, one would think vasculopathy 
with the possibility of exudate must 
exist. Why then would the macular 
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star, which is exudate secondary to 
vascular leakage, never occur with 
MS? 
W. Bruce WILson, MD 
Don B. SmitH, MD 
850 E. Harvard Ave 
Suite 535 
Denver, CO 80210 


1. Parmley VC, Schiffman JS, Maitland CG, et 
al. Does neuroretinitis rule out multiple sclero- 
sis? Arch Neurol. 1987;44:1045-1048. 

2. Ebers GC. Optic neuritis and MS. Arch 
Neurol. 1985;42:702-704. 

3. Cohen MM, Lessell S, Wolf PA. A prospec- 
tive study of the risk of developing MS in uncom- 
plicated optic neuritis. Newrology. 1979;29:208- 
213. 

4. Rizzo JF, Lessell S. Risk of developing mul- 
tiple sclerosis after uncomplicated optic neuritis: 
A long-term prospective study. Newrology. 
1988;38:185-190. 


In Reply.—The comments of Drs Wil- 
son and Smith are appreciated. We 
agree that longer follow-up and more 
patients would have made our study 
better.! However, our data were still 
significant by comparison using Fish- 
er’s Exact Test, a method particularly 
suited for comparing small samples. 
We were also aware of the more 
recent follow-up data of the original 
prospective study by Cohen et al? and 
Rizzo and Lessell.* These new data are 
significant in that they suggest that a 
single isolated episode of optic neuri- 
tis is essentially an early sign of mul- 
tiple sclerosis. This being the case, 
differentiating between demyelin- 
ating and nondemyelinating causes of 
optic neuritis can have prognostic sig- 
nificance. 

As we stated in our article, we feel 
the pathogenesis of optic neuritis in 
multiple sclerosis is secondary to a 
primary inflammation of myelin, 
whether it occurs in the posterior 


nerve, where the edema cannot be 
observed directly, or in the prelami- 
nar optic nerve, where it can be 
observed as papillitis. We do not 
believe a primary, severe vasculitis is 
associated with papillitis in demyelin- 
ating disease. In fact, prelaminar vas- 
culitis of unknown cause is how we 
defined neuroretinitis, and we would 
indeed, as Drs Wilson and Smith have 
stated, expect to see exudate second- 
ary to vascular leakage, but would not 
relate it to a papillitis of demyelin- 
ating origin. 

The purpose of our article was to 
suggest a sign that differentiates a 
demyelinating from a nondemyelinat- 
ing, or vasculopathic form of papilli- 
tis. Again, we acknowledge that the 
number of patients in our study was 
small, but this does not subtract from 
its significance. We thought we might 
receive a number of replies reporting 
documented multiple sclerosis in asso- 
ciation with neuroretinitis, but we 
have not. 


The views expressed herein are those of the 
author and do not reflect the official policy or 
position of the Department of the Army, Depart- 
ment of Defense or the US government. 


CPT VERNON C. PARMLEY, MC, USA 
Ophthalmology Service 
Department of Surgery 
Box 277 
Letterman Army Medical Center 
Presidio of San Francisco, 

CA 94129-6700 
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Letters to the Editor 


Central Pontine Myelinolysis 
and the Rate 
of Correction of Hyponatremia 


To the Editor.—In describing a 
patient with central pontine myelino- 
lysis (CPM) and behavioral symp- 
toms, Price and Mesulam' considered 
the development of CPM to be related 
to the rapid correction of hypona- 
tremia. The serum sodium concentra- 
tion in this patient on admission was 
114 mmol/L and 17 hours later it was 
133 mmol/L, yielding a calculated rate 
of correction of 1.12 mmol/L/h. That 
being so, we find it curious that, in 
discussing their case, the authors 
quote rates of correction (for sodium 
concentrations of =105 mmol/L) of 2 
mmol/L/h? as being advisable. In- 
deed, from their own experience, we 
would have expected them to have 
joined the vanguard advocating a 
slower rate of correction,** particular- 
ly as the only symptom of hypona- 
tremia in their patient was orthostat- 
ic hypotension. Thus, in a situation of 
this nature it might have been prefer- 
able to increase the serum sodium 
concentration at a rate not exceeding 
12 mmol/L/d,‘ or, adopting an ultra- 
conservative approach, to limit the 
rise in serum sodium concentration in 
the first week to approximately 10 
mmol/L over the baseline value.’ 

The clinical course of the patient 
reported by Price and Mesulam! is 
noteworthy, as the optimum strategy 
for the correction of hyponatremia 
has yet to be defined. Their case sup- 
plements several recent reports*’ 
evincing that the “fast track’**’ can 
be a hazardous option. 


R. F. GLEDHILL, MD, MRCP 

Division of Neurology 

Department of Internal Medicine 

Kalafong Hospital and the University of 
Pretoria 

Pretoria 0001, South Africa 


P. D. THOMPSON, MB, FRACP 
University Department of Neurology 
Kings College Hospital 

Medical School and 
Institute of Psychiatry 
London, England 


1. Price BH, Mesulam MM: Behavioral mani- 
festations of central pontine myelinolysis. Arch 
Neurol 1987;44:671-673. 

2. Ayus JC, Krothapalli RK, Arieff AI: Chang- 
ing concepts in the treatment of severe symptom- 
atic hyponatremia. Am J Med 1985;78:897-902. 

3. Norenberg MD, Leslie KO, Robertson AS: 
Association between rise in serum sodium and 
central pontine myelinolysis. Arch Neurol 1982; 
11:128-135. 

4. Sterns RH, Riggs JE, Schochet SS Jr: 
Osmotic demyelination syndrome following cor- 
rection of hyponatremia. N Engl J Med 1986; 
314:1535-1542. 

5. Valenstein E, Watson RT, Quisling RG: 
Neostriatal lesions in the osmotic demyelination 
(sic). Neurology 1987;37(suppl 1):178. 

6. Grafton ST, Bahls F, Bell KR: Acquired 
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dystonia following central pontine myelinolysis. 
Neurology 1987;37(suppl 1):276. 

7. Redmond J, Brunner J, Haggar A, et al: 
Central pontine myelinolysis: Evolution follow- 
ing correction of hyponatremia shown by MRI. 
Neurology 1987;37(suppl 1):306. 

8. Narins RG: Therapy of hyponatremia: Does 
haste make waste? N Engl J Med 1986;314:1573- 
1574. 

9. Worthley LIG, Thomas PD: Treatment of 
hyponatraemic seizures with intravenous 29.2% 
saline. Br Med J 1986;1:168-170. 


In Reply.—We appreciate the com- 
ments by Gledhill and Thompson. 
Provided there are no life-threatening 
manifestations of hyponatremia, such 
as coma or convulsions, their sugges- 
tion of a serum sodium correction rate 


of 12 mmol/L/d is a prudent one. 
Bruce H. Price, MD 
MARSEL MESULAM, MD 
Division of Neuroscience and 

Behavioral Neurology 

Charles A. Dana Research Institute 
Beth Israel Hospital 
Boston, MA 02215 


Deterioration of Wilson’s Disease 
Following the Start of 
Penicillamine Therapy 


To the Editor.—Brewer and cowork- 
ers' suggest that the phenomenon of 
neurologic deterioration seen in some 
patients with Wilson’s disease after 
starting penicillamine therapy may 
result from the redistribution of cop- 
per. Curzon? has previously suggested 
this mechanism, and Blake and 
coworkers? and Pall and coworkers‘ 
have shown that increases in copper 
in the cerebrospinal fluid occur during 
chelation therapy with desferrioxa- 
mine, relating this to the neurologic 
and the ophthalmic toxicity of the 
drug. The copper chelating agent, 
diethyl dithiocarbamate, has been 
shown to increase the copper content 
of neural tissue (spinal cord) in exper- 
imental animals.’ Other compounds 
that are capable of ligating with met- 
al ions, such as the phenothiazines,’ 
can cause alterations of neural copper 
content,’ and can result in permanent 
neurologic deficit.* 

The postulate of abnormalities of 
metal distribution being caused by 
metal chelating agents is not re- 
stricted to copper. British anti-Lewis- 
ite, another thiol-containing metal 
chelating agent, causes an increase in 
neural content of mercury in experi- 
mental animals, and ethylenedia- 
minetetra-acetic acid can precipitate 
acute lead encephalopathy in lead- 
intoxicated children.'° 

It is a narrow view to regard the 
phenomenon of penicillamine-related 
exacerbation of Wilson’s disease as 
arising solely from mobilization of 


liver copper with subsequent entry of 
this copper into the brain. Brewer and 
coworkers’ did not consider the equal- 
ly possible (or more likely) explana- 
tion that copper present in a harm- 
less, sequestered form within cells 
(such as incorporated into metallo- 
thioneins) is moved by the penicilla- 
mine into other subcellular organelles 
in a form that is capable of causing 
damage to biomolecules. Nonprotein- 
incorporated copper has been shown 
to damage biomolecules in vitro!! and 
possibly also in vivo’ via processes 
such as peroxidation of membrane 
lipids. At present, it is not possible to 
state whether the penicillamine-re- 
lated exacerbation of Wilson’s disease 
results from alterations of copper dis- 
tribution at submolecular, subcellu- 
lar, transcellular, or transorgan lev- 
els, or whether it results from some 
other property of penicillamine, eg, its 
capacity to donate sulfhydryl groups. 
If the initial damage is caused by 

copper decompartmentalization and 
if, as seems likely, it results from the 
pro-oxidant effects of this copper, a 
logical approach to its prevention may 
be the treatment of patients with lip- 
id-soluble antioxidants such as vita- 
min E prior to commencing penicilla- 
mine therapy. 

H. S. PALL, MD 

A. C. WILLIAMS, MD 

D. R. BLAKE, MD 

Department of Neurology 

Queen Elizabeth Hospital 


Edgbaston 
Birmingham B15 2TH, England . 
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In Reply.—We wish to respond to 
certain elements in the accompanying 
LETTERS TO THE EDITOR by Hoogenraad 
and Van Hattum and by Pall and 
coworkers concerning our recent arti- 
cle in the ARCHIVES. 

Hoogenraad and Van Hattum say 
“it would have been better to start 
treatment with zinc” in the patient in 
the case report, and “it is difficult to 
understand why Brewer and cowork- 
ers waited so long to switch over to 
zinc therapy.” We made it clear in the 
article that the patient had been 
started on penicillamine by other phy- 
siclans and the patient was not 
referred to us until six weeks after 
therapy had been initiated. As we said 
in the article, we did not switch the 
patient over to zinc therapy at that 
point, because we believed that the 
patient had already been through the 
syndrome of neurologic worsening 
from penicillamine. As our data show 
in the ARCHIVES article, the majority 
of patients who will show their neuro- 
logic condition becoming worse will do 
so within four weeks of initiation of 
penicillamine therapy. Further, it is 
not at all clear that zinc is fully 
efficacious for initial decoppering 
therapy (as opposed to maintenance 
therapy). The total world’s literature 
on the point consists of a few patients 
recently described by the Hoogenraad 
group’ and a few patients reported by 
us.'* In the case of two of our patients, 
it is worrisome that hepatic copper 
levels did not decrease as a result of 
zine therapy.’ 

Throughout their letter, Hoogen- 
raad and Van Hattum, in hailing the 
virtues of zinc, confuse initial decop- 
pering therapy (usually the first six to 
12 months) with maintenance therapy 
in Wilson’s disease. We share their 
enthusiasm for the use of zinc in the 
maintenance therapy of Wilson’s dis- 
ease and, in fact, we have been respon- 
sible for almost all of the carefully 
done copper measurements, such as 
copper balance work, which have 
methodically laid the foundation for 
zinc efficacy in the maintenance ther- 
apy of Wilson’s disease.” However, 
initiation of therapy in patients 
acutely ill from copper toxicosis raises 
a number of additional considera- 
tions. As pointed out in our article in 
the ARCHIVES,' penicillamine often 
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causes worsening of neurologic symp- 
toms when used as an initial treat- 
ment. Trientine, another cupruretic 
agent, presumably has the same risk. 
Zinc has a slow onset of action’ and a 
relatively modest effect on copper bal- 
ance.*® Thus, zinc may take three 
months to reduce the copper burden 
by as much as penicillamine can do in 
three weeks. The question can be 
raised, Is this leisurely approach to 
decoppering acceptable, exposing the 
acutely ill patient to additional weeks 
and months of copper toxicity? What 
data do Hoogenraad and Van Hattum 
have to make them so confident that 
zinc is the best answer for initial 
decoppering in this setting? Certainly 
anecdotal experience with a few 
patients does not answer this ques- 
tion. We note with concern that one of 
the seven symptomatic patients ini- 
tially treated with zinc by Hoogen- 
raad and coworkers’ died during the 
initiation period. 

The question of how to initially 
decopper neurologically symptomatic 
patients deserves study, not rhetoric. 
Our current research approach is to 
evaluate ammonium tetrathiomolyb- 
date for this purpose. This drug may 
be ideal, because it not only complexes 
gastrointestinal copper and produces 
an immediate block in uptake,’ but the 
ammonium tetrathiomolybdate that 
is absorbed complexes excessive blood 
copper and renders it unavailable for 
cellular uptake.’ Thus, ammonium tet- 
rathiomolybdate has the potential to 
immediately reduce toxic levels of 
copper in the blood. We can now 
report that we have successfully used 
ammonium tetrathiomolybdate as the 
initial treatment in a patient with 
acute neurologic symptoms. 

Finally, what is the proper role for 
zinc therapy in Wilson’s disease? Hoo- 
genraad and Van Hattum chastise 
American physicians for continuing 
to use penicillamine as “the preferred 
treatment,” rather than using zinc, 
citing their publications on this topic 
since 1978. Yet, examination of these 
publications reveal that they are pri- 
marily a series of anecdotal reports 
based almost entirely on clinical 
observations. Since in this setting 
there are a series of intervening vari- 
ables related to copper, such as copper 
balance, urine copper, nonceruloplas- 
min plasma copper, and hepatic cop- 
per that can be used to evaluate effi- 
cacy prior to placing patients at clini- 
cal risk, it has been appropriate to 
relegate zinc to an ancillary role until 
its general efficacy with respect to 
these variables has been shown. With- 
in the last year, we have published 


extensive data on the general efficacy 
of zinc maintenance therapy with 
respect to all of these variables.**’ It 
is anticipated that zinc acetate will be 
licensed in the United States for use 
in Wilson’s disease within the year. 
American physicians can then choose 
which drug to use and zinc acetate 
may well become the treatment of 
choice for maintenance’ therapy, 
because of its very low toxic effects. 
At present, in our opinion, the ques- 
tion of the appropriate therapy for 
initiation in acutely symptomatic 
patients, particularly those with 
neurologic disease, remains unan- 
swered. 

We appreciate the letter of Pall and 
coworkers, which identifies examples 
of several chelators that can cause 
changes in levels and possible toxic 
effects of copper and other metal ions 
in neural tissue. The discussion in the 
first part of their letter is useful 
because it places in a somewhat 
broader context our observations on 
the high risk of neurologic worsening 
in patients with Wilson’s disease 
when initial treatment with penicill- 
amine is started. 

However we do take exception to 
the implication in the last part of 
their letter that we have taken a 
“narrow view and “regard the phe- 
nomenon of penicillamine-related ex- 
acerbation of Wilson’s disease as aris- 
ing solely from mobilization of liver 
copper with subsequent entry of this 
copper into the brain.” Pall and 
coworkers cannot possibly know the 
totality of our “views,” and therefore 
whether or not they are “narrow,” and 
whether or not we regard the phenom- 
ena we have described as “arising 
solely” from one cause. It is annoying 
to be criticized for not speculating 
more when the pressure from review- 
ers and editors is, consistently, to 
speculate less, and not go beyond the 
data presented in an article. The arti- 
cle being commented on is primarily 
about the relatively frequent occur- 
rence of this major clinical problem, 
with the data presented in the article 
restricted to that area, and not pri- 
marily about its cause, about which no 
data were presented. In fact, regard- 
ing the first point, it has been very 
hard to convince most physicians who 
treat patients with Wilson’s disease 
that initial clinical deterioration 
resulting from penicillamine therapy 
is a problem, because most of them see 
only one or two cases, and there is 
very little discussion in the literature 
of this syndrome. Thus we took as our 
primary task in this article the job of 
providing the best available documen- 
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tation that when penicillamine is used 
as initial treatment, deterioration of 
neurologically affected patients is a 
frequent occurrence. To put the prob- 
lem into a perspective of how it might 
be caused, we did mention a single 
possible mechanism, which happens 
to be our current working hypothesis, 
that of redistribution of hepatic cop- 
per into the brain. We did not take 
space to mention it, because the find- 
ings are preliminary, but Dr Yuzba- 
siyan-Gurkan in our laboratory has 
initial evidence in a rat model that 
this mechanism may, in fact, be oper- 
ative. Such findings do not exclude, of 
course, the operation of other mecha- 
nisms. One we have considered is 
removal of copper from safe binding 
by metallothionein to a more toxic 
intracellular setting. This is a subset 
of the favorite hypothesis of Pall and 
coworkers, that of redistribution of 
copper within other subcellular pools 
or organelles within neural cells. But, 
we point out that there is not a shred 
of data validating this hypothesis, 
and it remains simply a speculative 
idea. 

As a further illustration that we 
have explored other mechanisms, we 
have followed up the work of Peisach 
and Blumberg,'° who have shown that 
the event of chelation of copper by 
penicillamine generates oxidant radi- 
cals. Hypothesizing that this chela- 
tion-induced oxidative event might be 
causing increased oxidant damage in 
brain cells, we have studied the effects 
of penicillamine in a copper-loaded 
rat model. However, all of our efforts 
at trying to identify increased oxidant 
damage in such a model have been 
negative. While this result does not 
entirely negate the suggestion of Pall 
and coworkers of treating patients 
about to receive penicillamine with 
antioxidants such as vitamin E, nei- 
ther does it support this approach. As 
discussed above, our own approach to 
this problem is to use an entirely 
different drug, ammonium tetrathio- 
molybdate. 

Overall, the letter of Pall and 
coworkers is useful in the sense that it 
provides some new thoughts and 
broadens the discussion of this vexing 


problem. 
GEORGE J. BREWER, MD 
Departments of Human Genetics and 

Internal Medicine 

University of Michigan Medical School 
Ann Arbor, MI 48109 
VILMA YUZBASIYAN-GURKAN, PHD 
Department of Human Genetics 
University of Michigan Medical School 
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Inflammatory Arteriopathies and 
Pure Motor Hemiplegia 


To the Editor.—We have read with 
interest the article by Johns et al! on 
meningovascular neurosyphilis and 
pure motor hemiplegia. While we 
found the information of value since it 
increases our knowledge about the 
causes of this lacunar syndrome, we 
think that one of the authors’ state- 
ments should be reconsidered: 
“... among the inflammatory arterio- 
pathies, only syphilis and tuberculosis 
are associated with meningitis.” 
Cysticercosis, the most common 
parasitic disease of the central ner- 
vous system,’ is a well-recognized 
cause of both inflammatory arterio- 
pathy and meningitis.*> Meningeal 
cysticerci usually induce subacute, 
chronic, or recurrent meningitis with 
affection of blood vessels near the 
parasites. Those vessels show thicken- 
ing of the adventitia with fibrosis of 
the media and endothelial hyperpla- 
sia’; a brain infarction may be the 
result of this vascular involvement.** 
Therefore, cysticercosis should be rec- 
ognized not only as a possible, but as a 


frequent, cause of ischemic cerebro- 


vascular disease. 

Cysticercosis is endemic in many 
areas of the world, including develop- 
ing countries? and industrialized 
nations with a high immigrant popu- 
lation.’ Physicians in the United 


States must be aware of the wide 
clinical spectrum of this disease,*? 
since its prompt recognition will per- 
mit a rational therapeutic approach 
with either surgical or medical mea- 
sures. !° 

OscaR DEL BRUTTO, MD 

FERNANDO BARINAGARREMENTERIA, MD 

Division de Neurologia 

Instituto Nacional de Neurologia y 
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McArdle’s Disease Aggravates 
Nuchal and Cranial Muscle 
Contraction Pains 


To the Editor.—The following case 
illustrates an unusual, hitherto- 
undescribed clinical feature of McAr- 
dle’s disease in a patient with post- 
traumatic nuchal muscle spasms. 


Report of a Case.—A 32-year-old woman 
presented in 1980 with muscle fatigability 
and weakness as well as exercise-induced 
cramps in the calves and thighs. Her sister 
suffers from a similar illness. Results of 
general and neurologic examination and 
electromyography were normal. An 
ischemic forearm exercise test showed no 
rise in the serum lactic acid level when 
compared with a normal control. A muscle 
biopsy specimen showed prominent sub- 
sarcolemmal periodic acid-Schiff-positive 
masses and absent cytochemical activity of 
glycogen phosphorylase. The diagnosis of 
myophosphorylase deficiency (McArdle’s 
disease) was made. In 1987, she sustained a 
hyperextension-flexion injury of the neck 
(whiplash), following which she developed 
intermittent painful “lumps” in the nuchal 
muscles in addition to diffuse muscle con- 
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traction headaches. The “lumps” were 
clearly different from the so-called fibro- 
myositic nodules. The patient refused to 
undergo an electromyographic examina- 
tion. 


Comment.—The patient probably 
had postwhiplash nuchal muscle 
spasms, which are common in this 
kind of injury. Because of the myo- 
phosphorylase deficiency, the strong 
involuntary contractions probably 
evoked the typical painful contrac- 
tures known to occur in McArdle’s 
disease after voluntary muscle activi- 
ty. This presumably caused the pain- 
ful, migrating “lumps” in the nuchal 
muscles. McArdle’s disease could 
aggravate the symptoms of conditions 
in which sustained involuntary skele- 


tal muscle contractions occur. 
BasseM I. YAMUT, MD 
GEORGE KARPATI, MD 
Montreal Neurological Institute 
3801 University St 
Montreal, Quebec, Canada H3A 2B4 


Is Steroid Therapy in Multiple 
Sclerosis Superior to Corticotropin 
Therapy? 


In Reply.—In reply to the letter by 
Davis and Stefoski' we agree that the 
discovery of corticotropin receptors 
on lymphocytes and the secretion of 
corticotropinlike substances by lym- 
phocytes is a provocative area for 
investigation. These observations will 
be important if it can be shown that 
the direct effect of corticotropin on 
lymphocytes causes clinically signifi- 
cant effects on immunoregulation. 
The syndrome of corticotropin insen- 
sitivity has been reported in over 60 
patients. These patients have present- 
ed with hyperpigmentation, hypogly- 
cemia, low serum cortisol levels, adre- 
nal unresponsiveness to corticotropin 
stimulation, and high serum cortico- 
tropin levels. In a recent case report of 
a young child, the corticotropin insen- 
sitivity syndrome was associated with 
an absence of high-affinity corticotro- 
pin receptors on circulating peripher- 
al mononuclear leukocytes.2 The 
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patient did have recurrent infections 
while hypoglycemic with very low 
serum cortisol levels. However, while 
maintained on cortisol replacement 
therapy, the patient has remained 
clinically stable for years without any 
apparent sign of abnormal immunore- 
gulation. Observations of this kind 
indicate that the direct effect of corti- 
cotropin on immunoregulation may 
have clinical effects that will prove to 
be subtle when compared with the 
known profound clinical immunosup- 
pression caused by high-dose cortico- 
steroid therapy. 

It is true that in the study of Barnes 
et al’ at three months’ follow-up there 
was no significant difference between 
14 patients treated with intravenously 
administered methylprednisolone, 1 
g/d for seven days, followed by abrupt 
withdrawal when compared with 11 
patients treated with intramuscularly 
administered corticotropin, 80, 60, 40, 
and 20U/d, each for seven days. In 
their discussion, the authors com- 
mented that “a steroid letdown seen 
in some cases may be obviated by a 
short course of oral prednisolone to 
tail off the intravenous course.” How- 
ever, the authors apparently did not 
do this in their study cases. In other 
studies,** clinical regression has also 
been observed in some patients fol- 
lowing short courses of corticotropin 
therapy for multiple sclerosis (MS) 
relapses. 

Although the study by Barnes et al? 
showed a more rapid onset of clinical 
improvement with steroid treatment, 
as compared with corticotropin treat- 
ment, we do not believe that the study 
design enables one to make a valid 
assessment of the long-term efficacy 
of steroid therapy vs corticotropin 
therapy. The number of patients was 
small and the duration of therapy was 
much shorter for steroids, which were 
also withdrawn abruptly. Further, 
after abrupt cessation of short-term 
steroid therapy or corticotropin ther- 
apy one often sees clinical deteriora- 
tion in patients with autoimmune dis- 


eases, and, therefore, one should not 
be surprised to find that clinical dif- 
ferences between treated and control. 
groups are not detected at late inter- 
vals after short-term therapy. 

We believe that the more cogent 
observation is that there has never 
been a properly designed study to 
evaluate the long-term effect of inter- 
mittent high-dose corticotropin treat- 
ment or corticosteroid treatment in 
relapsing MS. A proper study should 
be designed to account for the sub- 
stantial proportion of relapsing pa- 
tients who show signs of clinical 
improvement spontaneously without 
treatment. Such a study thereby 
requires a large number of patients. 
The study should also account for 
patients with frequent or prolonged 
MS relapses and the subgroup of 
patients who regress clinically when 
either corticotropin or corticosteroid 
therapy is withdrawn abruptly or too 
rapidly. These patients are candidates 
for more prolonged courses of treat- 
ment. Most importantly, the study 
should measure the long-term cumu- 
lative effect of multiple courses of 
treatment for multiple relapses over a 


prolonged period of time. 

| RAYMOND TROIANO, MD 
Stuart D. Cook, MD 
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Department of Neurosciences 
University of Medicine and 
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New Jersey Medical School 
185 S Orange Ave 
Newark, NJ 07103-2757 
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7:00 a.m. to 1:00 p.m. They will emphasize a series of struc- 
tured exercises, utilizing appropriate animal bones, skeletal -$ 

bones, bioplastics and-biometals. =i 


NEUROSURGEONS—dissection skills for bonework of the $ 
cranium and spine, including attention to bioplastics and 
biometals applicable to neurosurgery. 


OR PERSONNEL—dissectlon skills = 532 = 
to become familiar with the applica. & “ESS TL 
tions of power instrumentation; dis- = — 
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mm (3,650 Orthopaedic ‘Surgeons; 
& 1,450 Neurosurgeons; 2,050 OR 
Personnel) 


jilet 


T= 


ł 


simu 


-4 


£ ‘m+ 


Original Contributions 





Cerebrospinal Fluid Immunoglobulins and 


Multiple Sclerosis 


Correspondence With Magnetic Resonance Imaging and 
Visually Evoked Potential Changes 


Felix A. J. Müller, MD; Paul E. Hanny, MD; Werner Wichmann, MD; Walter Fierz, MD; Max R. Diirsteler, MD 


@ The clinical (disability) and paraclini- 


‘cal (visually evoked potential [VEP]/ mag- 


netic resonance imaging [MRI] data of 


patients with definite or probable multiple - 


sclerosis (MS) were compared with their 
cerebrospinal fluid (CSF) immunoglobu- 
lins taken within the same period of time. 
For patients with definite diagnosis by the 
Schumacher criteria (n = 61) we found 
significant correlations between CSF 
immunoglobulin content (absolute y-glob- 
ulin value [aggv]) and quantified MRI fac- 
tors (r = .47), between aggv and the sum 
of VEP latencies of both eyes (r= .53), 
and also between MRI and VEP changes 
(f= .62}. This was not true for the 
patients with a probable MS diagnosis 
and for patients with first attacks. No 
correlations were evident between aggv 
and disability status or duration of the 
iliness. The results give support to recent 
neuropathologic and experimental find- 
ings In animals indicating close pathogen- 
ic connections between CSF immuno- 
globulins and demyelination in MS. 
(Arch Neurol 1989:46:367-37 1) 


Accepted for publication Sept 15, 1988. 

From the Department of Neurology (Drs Müll- 
er, Hänny, and Diirsteler), Division of Neurora- 
diology (Dr Wichmann), and the Department of 
Clinical Immunology (Dr Fierz), University Hos- 
pital, Zurich. 

Reprint requests to Neurologische Klinik, Uni- 
versitatsspital, CH-8091 Zurich, Switzerland (Dr 
Müller). 
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T'he content of immunoglobulins in 


cerebrospinal fluid (CSF) is in- 
creased in more than 90% of patients 


with multiple sclerosis (MS).! Their - 


contribution to the pathogenic process 
is not yet known. Recent neuropatho- 
logic studies? and animal experi- 
ments*>> have shown that the process 
of demyelination is kept under way 
not only by cellular elements but also 
by humoral factors, such as antibodies 
against myelinic components. This 
study is concerned with possible rela- 
tions between immunoglobulins in 
CSF and the pathogenic process in 
disseminated encephalomyelitis. 


PATIENTS, MATERIAL, AND METHODS 


Our 170 patients had been admitted for 
investigation to the Department of Neurol- 
ogy in the University Hospital of Zurich 
and were classified as suffering from prob- 
able or definite MS. We compared the 
results of clinical (Kurtzke*/Disability 
Status Scale [DSS]) and paraclinical data 
{evoked potential/magnetic resonance im- 
aging [MRI] with the immunoglobulin val- 
ues, cell counts, and total amount of pro- 
tein in CSF in those patients who had all 
examinations within a three-week period. 
The ages of the patients ranged from 13 to 
76 years (mean and median, 39 years); 
there were 92 female and 78 male patients; 
and the mean duration of the illness was 
5.5 years (median, three years; range, 14 
days to >20 years). 

For the evaluation we formed the subse- 
quent groups and subgroups. Group A 
included 106 patients with the diagnosis of 
definite MS. Classification was based on 


the criteria of Poser et al,’ and clinical and 
paraclinical methods, MRI included, deter- 
mined categories A and B. A subgroup of 
101 patients (al) is made up of those 
patients in whom the MRI findings were 
not taken into account for the diagnostic 
evaluation. It can be seen that in less than 
5% of the patients, MRI was critical in 
reaching a definite diagnosis. In a more 
restricted evaluation, we formed another 
subgroup, a2 (partly overlapping group al), 
that fulfilled the clinical criteria of Schu- 
macher et al and did not include the 
merely chronic form of the disease. This 
grouping was done without the possibility 
of a diagnostic bias by MRI data (al) or by 
the CSF results (a2). Group B included 64 
patients with the diagnosis of probable 
MS. Of these, 19 patients suffered from a 
first attack of disseminated encephalomy- 
elitis and had a CSF profile typical for 
MS.' Forty-five patients suffered from 
acute or remitting symptoms that were 
compatible with MS. Some of these 
patients had normal CSF findings; howev- 
er, from a neurologic point of view there 
were no better diagnostic measurements. 
The CSF analysis for total content of 
protein was done by the Cu-folin method’ 
and the proportion of the y-globulins was 
assessed by agarose gel electrophoresis 
after ultrafiltration of the CSF and stain- 
ing with ponceau S; the absolute y-globulin 
value (aggv) was obtained by multiplica- 
tion of the protein content with the y- 
globulin proportion. In some patients, we 
measured the IgG and IgG index® and 
examined the intra-blood-brain barrier 


IgG synthesis according to the formulas of 


Tourtellotte’ and Reiber.” | 

The visually evoked potentials (VEPs) 
were obtained with a checkerboard stimu- 
lation”; our calculations were based on the 
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sum of the latency of the occipital positivi- 
ty P100 from both eyes. Examination by 
MRI was performed on a 1.5-tesla appara- 
tus (Philips Gyroscan, Philips AG, Best, 
the Netherlands). Repetition time was 2000 
ms, using an ungated spin echo sequence 
with dual-echo delays of 50 and 100 ms. 
Fourteen axial images (parallel to the can- 
thomeatal plane) in slices that were 7 mm 
thick, with an interspacing of 1.4 mm, were 
reviewed without knowledge of the clinical 
situation and the classification of the 
patients. Doubtful findings were rejected 
in those cases where phase shift images 
(ghosts) from the pulsating CSF were 
superimposed on the brain stem. The over- 
all image quality was very good; only ten 
examinations could not be rated for all 
factors due to movement artifacts. The 
grading of the white matter lesions on the 
MRI was obtained by the use of the follow- 
ing three different measurements that 
- were partially adopted from grading scales 
published elsewhere." (1) Size parameter 
(s}: Each focus without visible connection 
to the ventricle was given a number (a 
point) according to its measurements (<0.5 
em, 1; 0.5 to 1 em, 2; 1 to 1.5 em, 3; 1.5 to 2 
em, 4; 2 to 2.5 em, 5; >2.5 em, 6), while the 
sum of all foci gave the size grading. (2) 
Periventricular gray (pv): We calculated a 
factor from the thickness of the periven- 
tricular hyperintense belt (0, none; 1, focal 
hyperintensities; 2, thin periventricular 
line; 3, thick line and knobs >2 mm; 4, thick 
coat) multiplied by the amount of hyperin- 
tense periventricular zone, taken as a per- 
centage of the whole circumference (0, 
none; 1, 0 [20% ]; 2, 20 [40% }; 3, 40 [60% ]; 4, 
60 [80% }; 5, 80 [100% ]). (8) Global score (g): 
The weighted sum of the factors mentioned 
above gave periventricular abnormalities 
the same weight as parenchymatous 
lesions (g = [s +5 pv)). 

Statistical analysis was done by simple 
regression methods, calculating slope and 
significance as well as the correlation coef- 
ficient. The aggv, CSF IgG, IgG index, 
indexes obtained by Tourtellotte” and Rei- 
ber” formulas, and CSF cells and protein 
values were logarithmically transformed, 
since they could be fitted better to a log- 
normal rather than to a normal (gaussian) 
distribution. 


RESULTS 


The relationships between the aggv 
in CSF and other immunologic factors 
are shown in Table 1. There is a 
convincing correlation between the 
agev and the amount of IgG in the 
CSF in all groups of patients (Figure, 
top left). The IgG index! and the 
indexes based on the formulas by 
Tourtellotte’ and Reiber? revealed 
substantially smaller correlations 
with the aggv, which became partially 
insignificant for patients with only a 
probable diagnosis of MS (group B). 
The aggv provided us with the great- 
est amount of data by far, since CSF 
electrophoresis and measurement of 
total protein at our hospital are done 
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Log A 


N = 23 


' Table 1.—Correlations Between Absolute y-Globulin Value (aggv) and IgG, IgG Index, 


and Formulas by Reiber!? and Tourtellotie!' 


a2 


igG P < .0006 P < .0000 P < 0000 P < .0000 
r= 99 r= .99 r= 77 r= 91 
N = 27 N= 17 N= 25 N = §2 
IgG index P < .0000 P < .0000 NSł P < 0000 
r= .78 r= .90 r= 41 r= 72 
N = 23 N= 14 N= 19 N = 42 
Reiber!2 P < .0000 P < .0000 P < 002 _ P< 0000 
r= 77 = .89 r= .66 r= 78 
N = 23 N= 14 N= 18 N = 42 
Tourtellotte!! P < .0000 P < .0000 P < .002 F < 0000 
r= 80 r=.91 `’ = .67 r= 81 


N = 14 


Group, * Log aggy 











All 
















N= 42 





* See text for details. Group A indicates all patients with definite multiple sclerosis (MS) (Poser et al’ 
categories A and B, regarding also the magnetic resonance imaging); subgrcup a2, definite MS (Schumacher 
et al® criteria without the steady progressive forms); and group B, patients with probable MS. 

TNS indicates not significant. 


on a routine basis, and the analysis of 
the immunoglobulins was only insti- 
tuted later. However, the strong 
covariance between aggy and IgG in 
52 patients shows that the data 
regarding aggv are relevant to IgG as 
well. Therefore, for our subsequent 
analysis we rely on the measurements 
of the aggv only. 

Significant log-linear relationships 
exist between the aggv and the laten- 
cies of the VEPs (r = .53; P < .002) on 
one hand and aggv and the global MRI 
score (r = .47; P < .005) on the other 
hand (Table 2; Figure, top right and 
bottom right). Between VEP/MRI 
abnormalities and the albumin-cor- 
rected indexes, the correlations were 
weaker (Reiber'*) or absent (Tourtel- 
lotte"! and IgG index). A linear depen- 
dency (r= .62; P < .0001) was found 
between MRI and VEP changes (Table 
3; Figure, bottom left). 

Based on clinical considerations, we 
have constructed a global MRI score 
{see “Methods”), thinking that the 
other parenchymatous lesions con- 
tribute as well as the periventricular 
abnormalities to our paraclinical 
changes (aggv, VEP). To our surprise, 
much of the variability of the aggv or 
VEP data could be explained by the 
changes of the periventricular score 
alone. Considering in addition the 
intraparenchymatous lesions for the 
global MRI score, the correlation 
between MRI data and other paraclin- 
ical factors did not improve much. 
These findings are consistent with the 
view that in MS the parenchyma in 
the periventricular belt is deeply 
involved in demyelination due to the 
close topical relationship to the ven- 
tricular spaces. Immunoglobulins in 
periventricular lesions might pene- 


trate better into CSF and, vice versa, 
the regions around the ventricles 
would be more susceptible to the 
pathogenic effect of circulating im- 
munoglobulins in CSF. 

These findings are highly signifi- 
cant for the definite forms in group A. 
The probable cases (group B) showed 
no significance for the correlations 


- between aggv and MRI score, nor 


between aggv and VEP changes (Ta- 
ble 2). The relationship between VEP 
and MRI abnormalities is weaker for 
group B than group A but is still 
present. Both factors seem to express 
the amount of lesions independent of 
the process behind them. When we 
looked only at patients with first 
attacks within group B, we found no 
significant correlations between aggv 
and the other paraclinical data; there- 
fore, newer lesions rather than older 
ones might rely on other pathogenic 
mechanisms. 

The aggv is highly proportional to 
the total amount of protein and pleo- 
cytosis in CSF, whereas protein and 
cell number had only modest relations 
to VEP and MRI values (Table 4). We 


conclude that the correlation of the 


aggv with the paraclinical factors is 
quite specific and not a mere concom- 
itant sign of central nervous system 
inflammation. 

We were not surprised by the fact 
that the aggv was quite independent 
of duration and severity of illness in 
terms of the DSS. The amount of 
affected brain tissue is hardly 
expressed by the related loss of func- 
tion. Similarly sized lesions in the 
brain stem will often lead to severe 
disability, whereas lesions occurring 
in the frontal lobes may cause no 
clinical symptoms at all. 
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Correlations between the following: top left, absolute y-globulin value (aggv) and cerebrospinal fluid (CSF) IgG (on logarithmic 
scale); top right, global magnetic resonance imaging (MRI) score and aggv; bottom left, sum of visually evoked potential 
(VEP) latencies (both eyes) and global MRI score; and bottom right, VEP sum and aggv. Large oblique rectangles indicate 
patients within group A; small rectangles inside larger rectangles, subgroup a2. Regression lines are given for subgroup 


a2. 


COMMENT 


Patients with MS tend to have 
increased immunoglobulins in the 
CSF that are believed to be produced 
intrathecally.! Their clinical signifi- 
cance is not yet convincingly ex- 
plained. The highest concentration of 
immunoglobulins, which is found in 
the plaque, gradually decreases 
toward the surrounding healthy brain 
tissue’; this finding is more accurate 
for older than for newer lesions.’ 
Recent results from experiments on 
animals suggest that the process of 
demyelination depends on the pres- 
ence of immunoglobulins.” In purely 
cell-mediated models of experimental 
autoimmune encephalomyelitis, de- 
myelination is only minimal but can 
be strongly augmented by the addi- 
tional application of antimyelin anti- 
bodies.*> Additional results allow con- 
sideration of initial demyelination as 
phagocytosis? or as complement- 
dependent lysis’ of myelin. Other 
animal experiments have shown the 
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Table 2.—Correlations Between Log Absolute y-Globulin Values (aggv) and Global (g) 
anc Periventricular (pv) Magnetic Resonance Imaging (MRI) Score and Visually Evoked 
Potential (VEP) Latencies 


Groups,” Log aggv 


A al 


P < .0006 
r= 45 
N= 53 
P< .001 
r= 42 
N= 53 

P < .0002 
r=.49 
N= 53 


P < .0004 

r= .45 

N = 55 

P< .001 

r= .42 

“N=55 

P < .0003 

r= 46 

N= 55 
*For group descriptions, see Table 1. 
TNS indicates not significant. 


pathogenic effects of CSF immuno- 
globulins in that they will induce 
demyelination® and can reversibly 
block the central nerve conduction.” 
It has been established that demyelin- 
ation, as a rule, happens in regions 


All 


P < .0002 
r= 40 
N = 82 
P < ,0006 
r= ,37 
N = 80 
P < .0005 
r= 35 
N = 98 





LA64E3 


adjacent to the ventricles. In 1987, 
Peress et al” found IgG-Fe receptors 
to be present to a high degree in this 
periventricular tissue of normal 
humans and animals and to a lesser 
degree in the perivascular and subpial 
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Table 3.—Correlation Between Global (g) and Periventricular (pv) Magnetic Resonance 
imaging (MRI) Score and Visually Evoked Potential (VEP) Latencies 


Group, VEP* 





a2 
P< .0001 






P < .0003 P < .0002 











P < .0016 P < .0013 P < .0000 





*For group descriptions see Table 1. 


Table 4.—Correlation Between Cerebrospinal Fluid (CSF) Cells, CSF Protein, and CSF 
Absolute y-Globulin Value (aggv), Global (g) and Periventricular (pv) Magnetic Resonance 
Imaging (MRI) Score, and Visually Evoked Potential (VEP) Latencies 


Log CSF Cells, Group” Log CSF Protein, Group * 


P < .0000 


Log aggv 


* For group descriptions see Table 1. 
tNS indicates not significant. 


CSF; when we use the corrected values 
for albumin, such as IgG index and 
the formulas by Reiber” and Tourtel- 
lotte,!! the connections seem less con- 
vineing. The amount of cells and total 
protein in CSF is heavily related to 
the aggv, but only slightly to VEP and 
MRI. It suggests that the severity of 
central nervous system involvement, 
given by the changes of VEP and MRI, 
is specifically related to the CSF 
immunoglobulin variability and much 
less to nonspecific inflammatory fac- 
tors such as CSF cells and total pro- 
tein. 

The loss of conduction velocity in 
VEP is regarded to be proportional to 
the volume of demyelination within 
the afferent visual structures.” Hy- 
perintense patches in the routine MRI 
may correspond to edematous regions 
in the acute lesions or to gliosis in the 
chronic state.?*?! Today we might still 
argue whether demyelination per se is 
visible on MRI scans. However, it is 
reasonable to assume that the volume 
of demyelination is also linked to the 
initial failure of the brain-blood bar- 
rier and to the consecutive gliosis; 


regions. This supports a pathogenic 
connection between immunoglobulins 
in CSF and the demyelinating pro- 
cess. _ 

Reports with significant correla- 
tions between immunoglobulins in 
CSF and severity of illness measured 
by the DSS* and the number of clini- 
cal manifestations*® have been pre- 
sented. We did not find a correlation 
between aggv and disability in our 
patients. If one expects relations 
between immunoglobulins and exten- 
sion of a demyelinating process, dis- 
ability can hardly be a consistently 
connected factor since lesions deter- 
mine clinical function loss more by 
localization than by size. 

Some authors in a preliminary form 
have mentioned connections between 
synthesis of IgG and quantified MRI 
changes.” We found significant rela- 
tions between the content of y-globu- 
lins in CSF (aggv), conduction time in 
the VEP, and the amount of global 
MRI changes in our group A (with 
definite MS) but did not find this 
correlation in group B. Our aggv cor- 
responds to the IgG concentration in 
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therefore, we will find a proportional- 
ity in the changes expressed by hyper- 
intense zones in the MRI. Additional 
support for this statement comes 


‘from our findings in groups A and B 


that VEP and MRI abnormalities 
have a linear relationship. We have 
shown that patients with a high vol- 
ume of lesioned brain tissue, ex- 
pressed by the degree of aberrant 
changes in VEP and MRI, have simi- 
larly high concentrations of immuno- 
globulins in CSF. This statement is 
valid for group A, which includes 
patients with more than one relapse 
or a simple progressive course of more 
than six months. It is also in agree- 


- ment with some reports in the litera- 


ture.'718 

It is well accepted that not only the 
chronic lesions are visible on MRI, but 
we were not able to test for the rela- 
tive amount of new and old plaques. 
Taking into consideration the missing 
correlations between the measured 
factors in the acute forms, we are 
therefore unable to say much about 
the relation between new plaque, con- 
tent of immunoglobulin in CSF, and 
MRI hyperintensities; herein there 
might be other pathogenic mecha- 
nisms. Taking this into account for 
the fair aggv and MRI correlations, 
when we are looking at all lesions, the 
results take on even more weight. _ 

The relationship of aggv and VEP 
allows for similar considerations. 
Because the visual pathways are not 


- distributed evenly in the brain, there 


will never be complete correlation. 
But since the optic tract as well as 
radiatio optica have tight connections 
to the CSF space, it makes these 
structures quite vulnerable to patho- 
genic influences from the ventriculo- 
subarachnoid space. Accordingly, the 
good relationship between the aggv- 
MRI and the aggv-VEP might find the 
same roots, which are likewise valid 
for the MRI-VEP connection. 

The correlation between immuno- 
globulins in CSF and volume of the 
lesions may present an epiphenome- 
non, but it could also be the expression 
of the underlying, causal process. Con- 
sidering the in vivo experiments on 
animals? and the neuropathologic 
findings, we are much inclined to 
assume a close functional relationship 
in which the immunoglobulins repre- 
sent a relevant pathogenic factor for 
demyelination in humans also. 
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Mononuclear Cell Types in Cerebrospinal Fluid 
and Blood of Patients With Multiple Sclerosis 


Quantitation by Immunoenzyme Microassay With 
Panel of Monoclonal Antibodies 


Sten Fredrikson, MD, PhD; Jan Ernerudh, MD, PhD; l 
Tomas Olsson, MD, PhD; Pia Forsberg, MD, PhD; Hans Link, MD, PhD 


@ Phenotypic distribution of mononu- 
clear cells in cerebrospinal fluid (CSF) 
and peripheral blood from patients with 
multiple sclerosis (MS) and, for reference, 
patients with acute aseptic meningoen- 
cephalitis (AM), and in blood only from 
healthy controls, was studied with. an 
immunoenzymatic -microassay enabling 
analysis even in the presence of a normal 
CSF cell count. In MS, increased CDS* 
(pan-T) cell proportion in CSF compared 
with blood was not reflected by changes 
of CD4* or CD8* cells, while in AM, an 
increase of CD4* cells was registered. 
“Therefore, a population of CD5*, CD4-, 
and CD8& cells may be anticipated to 
exist in CSF of patients with MS. Numbers 
of OKB7*, OKM1*, or HLA-DR* cells did 
not distinguish between MS and AM. Pro- 
liferating cells expressing transferrin 
receptors (OKT9* cells) were generally 
few or absent in CSF and not useful as a 
marker of disease activity in either MS or 
AM. 

(Arch Neuro! 1989;46:372-375) | 


The etiology and pathogenesis of 

multiple . sclerosis (MS) have 
remained unknown. Cellular immune 
mechanisms have been supposed to be 
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involved in MS’ as in other inflamma- 
tory central nervous system (CNS) 
diseases such as aseptic meningoen- 
cephalitis (AM)? Since an imbalance, 
especially of suppressor/cytotoxic T 
cells (CD8* cells), in peripheral blood 
(PB) and cerebrospinal fluid (CSF) 
has been proposed to reflect immuno- 
pathogenetic mechanisms and disease 
activity in MS, this aspect has been 
studied extensively in recent years 
with conflicting results. Several 
reports have described a decrease of 
CD8* cells in PB** or CSF in relation 
to exacerbations or progressive forms 
of MS.""45 However, unchanged levels 
of CD8* cells have been reported by 
others, in both PB'** and CSF.7#62224 
One reason for this may be that dif- 
ferent methods were used adopting 
various, usually ‘high, cell numbers. 
Some of these drawbacks can be elim- 
inated by a new immunoenzymatic 
micromethod that we have employed 
in the present study and that allows 
simultaneous enumeration of several 
cell subsets in CSF and PB as well as 
analysis of their interrelations. Ex- 
pression of OKT9 as a marker of pro- 
liferating cells has previously been 
found in CSF in lymphoproliferative 
diseases, 3 and we examined OKT9 
expression also as a potential marker 
of disease activity in MS and AM. 


PATIENTS AND METHODS 
Patients 


‘Thirty patients (18 women and 12 men) 
aged 19 to 64 years (mean, 40 years) were 


studied, and all had clinically definite 


MS.” The duration of MS varied between 


‘containing 1% 


two months and 29 years (median, five 
years). Ten of the patients were experienc- 
ing exacerbation, ie, there had been a 
sudden appearance of new symptoms and 
signs or a sudden reappearance or worsen- 
ing of previous findings within one month 
before examination, while 16 patients were 
in remission and four patients showed a 
chronic progressive form of disease at the 
time of sampling. Mononuclear pleocytosis 
(No. of cells, >5 X 10°/L) was present, in 21 
patients, ranging between six and 23 x 10°/ 
L (median, 12 X 10°/L),: while CSF cell 
counts were normal in nirie patients. All 
except one patient had oligoclonal IgG 
bands in CSF” and all except three 
patients had intrathecal IgG production as 
reflected, by an elevated (>0.7) CSF IgG 
index.’ None of the patients had ever been 
treated with immunomodulatory drugs. . 
Fourteen patients (ten women) had 
acute AM. Their ages varied between 17 
and 45 years (mean, 80 years). A benign 
clinical. course was registered in all 


patients and.the cause remained unknown | 


except in four patients who showed sèro- 
logic evidence of infections with ECHO 11, 
ECHO 30, ECHO 17, and Coxsackie B5 
viruses, respectively. 

‘Blood samples only were obtained from 
11 healthy hospital staff members whose 
sex and age distributions were similar to 


those of the two patient groups. 


Leukocyte Preparation 


Venous blood samples were collected in 
heparinized tubes, and diluted in a ratio of 
2:3 with phosphate-buffered saline (PBS) 
at pH 7.4. Mononuclear cells were isolated 
by density gradient centrifugation (Lym- 
phoprep, Nyegaard, Oslo), washed three 
times in PBS, and resuspended in PBS 
bevine serum albumin 
(BSA). to a concentration of 1 X 10° cells 
per -milliliter. Ten microliters of the sus- 
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\ on 


A 


4 


pension was applied to wells on glass slides 
(Cook Glass, Novakemi, Sweden) and air- 
dried for 60 minutes, fixed i in acetone, and 
stored at —70°0.2 -` 


Fifteen milliliters of OSF was obtained . 


by lumbar puncture in parallel with blood 
sampling. Total and differential cell counts 
were performed within 20 minutes by 
phase-contrast microscopy. The CSF. was 
centrifuged at 200g for 20 minutes and the 
cells were suspended in BSA to a concen- 
tration of I x 10° cells per milliliter and 
further handled. as described above for PB 
leukocytes. a 


Immunoenzymatic Staining 


After storage, the specimens were fixed 
in cold acetone.and diluted in a ratio of 1:1 
with. water ‘for one minute, followed by 
final fixation in cold acetone .(100%) for 
five minutes. After ‘a short airdry, the 
slides were washed: in PBS for five 
minutes. Subsequent incubations were car- 
ried: out sequentially for 30 minutes -at 


~ room temperature and in a humid atmo- 


sphere, followed by washings for five 


minutes in PBS. First, endogenous peroxi- - 


dase was blocked by incubation in 0.8% 
hydrogen peroxide for 15 minutes. Twen- 
ty-five microliters of a dilution (1:32) of 
one of the various mouse antihuman mon- 


-oclonal antibodies listed i in the. Table was 


used as a first-step reagent, followed by 
biotinylated antimouse IgG (diluted to 
1:400) and avidin-biotin peroxidase com- 
plex (Vector Laboratories; Burlingame, 
Calif) before’ peroxidase staining. The 


slides were mounted in glycerin-gelatin . 


and the number of positive cells was pre- 
sented as a percentage of 200 counted cells. 
The coefficient of variation for staining at 
different occasions varied between 5.5% 
and 13.5% for different monoclonal anti- 
bodies (mean, 8.6% ). The primary antibody 


- was omitted’ in one well of each slide as a 


negative control. l 
Statistical Analysis 


The Mann-Whitney U test was. used for 
Siakigtipal calculations. 


RESULTS 
Multiple Sclerosis 


The percentage of CD5* cells was 
higher i in CSF than in PB (P < .0001). 
This increase of CD5* cells in CSF was 
not reflected i in any increase of either 
CD4* or CD8* cells in CSF (Figure). 


- Patients experiencing exacerbation 
. did not show significantly different 


levels of CD8* cells in. PB than con- 
trols. Levels of CD8* ‘cells in PB -and 
CSF did not fluctuate in-parallel with 
disease activity as measured by clini- 
eal exacerbation. Proportions . of 
OKB7*, OKM1*, and HLA-DR*’ cells 
were higher in’ PB than CSF 
(P < .0009, P <.0001, and P < 0001, 
respectively). Levels of OKB7*, 
OKM1*, and HLA-DR* cells in PB did 
not distinguish between patients with 
MS and healthy controls. OKT9* cells 
reflecting proliferating cells could not 
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_ “Monoclonal Antibodies Used for Phenotypic Characterization of Mononuclear Cells 


Monoclonal - Antigen Cluster 
Antibody esination: 


Arti-Leu it. CD5 
Leu-2t _ = 
Leu- -3t 


Predominant Reactivity 
All peripheral T cells 
Cytotoxic / suppressor T cells 
Helper/inducer T cells 
Transferrin receptor 


Source, y 
Engleman et al,°° 1981 
Engleman et al,?! i981 
Engleman et al,î! 1981 
D Trowbridge and Omary,22 1981 


(expressed on proliferating 


cells) 


B cells, monocytes, 
activated T cells 
Monocytes, macrophages, 
` granulocytes 


* OKM1¥ 


OKB7+ 


"See. Shaw, 
tBecton-Dickinson, Sunnyvale, Calif. 
FOrto Diagnostic Systems, Raritan, Nd. 


B cells- 


be. detected in CSF, independent of 
disease activity. 


Acute AM 


As in MS, the percentage of CD5* 
cells was higher in CSF than in PB 
(P < .001). Contrary to the findings in 
MS, the proportion of CD4* cells in 
CSF from patients with AM was high- 
er then in PB (P < .02)..Furthéermore, 
patients with AM had a higher pro- 
porticn of CD4* cells in CSF than did 
patients with MS (P = .01). The levels 
of OEMI* and HLA-DR* cells were 
lower in CSF than PB (P =.01 and 
P < .C01, respectively). OKT9-reactive 


cells were found in CSF from two - 


patients with AM (Figure). 
. COMMENT 


There are several advantages to the 
presently used immunoenzymatic 
methcd as follows: few cells are 
required, which is of great importancé 
for CSF studies and made it possible 
for us to include patients with- MS 
with normal CSF cell counts; and 
after preparation and fixation, cell 
samplss can be kept frozen and ‘stored 
and then stained when, for example, 


-all ancibodies of interest or consecu- 


tive cell samples from individual 
patients are available. 

- Using this assay, several points 
emerged. First, we confirmed the pre- 
vious observation” that the propor- 
tion of T cells is increased in CSF 
compared with PB in MS as-well as in 
AM. The finding of increased levels in 
CSF cf CD4* cells in patients with 
AM, all of whom had pleocytosis, 
séems to bé compatible with an earlier 
report stating that CD4* cells account 
for increased cellularity in CSF.” 
Remarkably, we were unable to dem- 
onstrate any corresponding increase 


of the T subset markers, CD4 or CDS, . 


in our patients with MS. This might 
suggest that these subtype- markers 


are not expressed on a : proportion of 





Nadler et al,33 1981 
Breard ét al,24 1980 


Mittler et al, 35 1983 


CD5* cells in CSF of patients with MS. 


- The functional role of this finding is 


unknown at present. Some possible 
interpretations, which need further 
elucidation, will be mentioned. The 
CD5* cells in CSF of patients with MS 
might be immature and do not express 
subtype markers as have been 
described for other immature T cells.” 
Alternatively, an increased propor- 
tion of “normal” T cells lacking ‘sub- 
type markers may be present. It was 
recently shown that some mature T 
lymphocytes (CD3+) in PB of healthy 
blood donors were CD4~ and CD8-.* 

The CD5 antigen is also known to be 
present on a low proportion of B cells, 
which might conduct immunoregula- 
tory functions.“ The high proportion 
of CD5* cells in CSF of patients with 
MS could partly,. therefore, be 
explained by an increased proportion 
of CD5* B cells.: On the other hand, 
coexpression of CD4* and CD8* anti- 
gens has been reported to océur ‘on 
activated peripheral blood T cells.” 
Whether such a coexpression of CD4 
and CD8 could explain that the per- 
centages of CD8* and CD4* cells, tak- 
en together, usually exceed the per- 
centage of CD5* cells in PB of patients 
with MS is unknown. To settle this 


question, and to further. elucidate the 


biological significance of our findings, 
further studies including double 
markers are warranted. . 

Among our patients with MS, no 
correlation could be found. between 
levels of CD8* cells in CSF or PB and 
clinical exacerbations. At present, a 
study is in progress, evaluating’ the 
individual patient when. ‘examined 
both in exacerbation and remission 
regarding cell subtypes in CSF and 
PB. Such an intraindividual investiga- 
tion might reveal fluctuations of labo- 
ratory test results in parallel with 
clinical features in MS, as when an 
isolated sample from each pa- 


Mononuclear Cells—Fredrikson et al 373 


-~ 
Pz 


100 


io) 

© 
geg rem eee 

a 0 


he 
70 ; 
. 8 3 
60 œœ e o 
b + 
R 3 =? : 
SO] + ge Pe 
83 ne 
40 8 ee 
Bn ice 2s te . 
30 E a a + 34 
e Bo” p oo 
20 me Dae N ai 
Íp $ ie 
s i, 
10 * & J 





CDS CD8 


CdD4 HLA-DR CD11 OKB7 OKT 


CD5 


one 
-=$ ó 
fa) Qo 
a 2 
o o 3 
o oO 
> oO “ik 
3 OO 
2 . <- o 
Q 
. 2 tiles 
o 
o 
© 
e 
o è y is) 2 
o 2 
c 
. 
- 00 
. 
Pr 
é A ¢ a ov 
e bed 5 " 
ry 





' CD8 CD4 HLA-DR CD11 OKB7 OKT9 


Percentage of cells from cerebrospinal fluid (solid circles) and peripheral blood (open circles) stained with different 
monoclonal antibodies in patients with multiple sclerosis (left) and prepis meningoencephalitis (right). Arrows indicate mean 


values. 


tient does not correlate with clinical 
status.” 

‘Knowledge about araka prolif- 
eration of lymphocytes in inflamma- 
tory nervous system diseases is lim- 
ited. The vast majority of cells that 
accumulate in inflammatory foci ‘of 
the CNS in animals have not been 
found to possess antigenic specificity 
for the target.“ Since there.were no 
correlations between percentages of 
CD5*, CD11+, HLA-DR‘, or OKB7* 
cells in CSF and PB, although the cells 
probably are of hematogenous ori- 
gin,” the results may indicate a selec- 
tive transport of cells to the CNS/CSF 
compartment. In inflammatory dis- 
eases of other locations, proliferation 
of lymphocytes has been demon- 
strated by the presence of proliferat- 
ing (OKT9*) cells in inflammatory 
foci of the proposed targets, eg, poly- 
myositis*® and rheumatoid arthritis.” 
However, some investigators have 
found low levels of OKT9* cells in 
synovial fluid of patients with rheu- 
matoid arthritis.’ We found.such pro- 
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liferating cells only in CSF from two 
patients with AM. This finding is less 
likely due to technical errors, since a 
large proportion of neoplastic lym- 
phoproliferative CSF cells were OKT9 
labeled with the same technique.” The 
general absence of proliferating cells 
as measured with OKT9* reactivity in 
CSF of patients with MS could speak 
in favor of recruitment of hematoge- 
nous cells into the CNS/CSF compart- 
ment, where they do not proliferate 
further. On the other hand, the cells 
might have lost their proliferative 
capacity as expressed with OKT9 
reactivity when recovered from CSF. 
OKT9 is an early activation antigen 
with strongest expression shortly 
after activation.” It would therefore 
be of interest to study the expression 
of OKT9 on cells in’ MS lesions. A 
previous study employing autoradiog- 
raphy for analysis of proliferating 
cells in CSF also revealed very low 
levels of proliferating cells in CSF 
from patients with MS.* Several oth- 
er activation antigens have been stud- 
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è A loss of cortical noradrenergic 
innervation may contribute to the intellec- 
tual deterioration in Alzheimer’s disease. 
To test the hypothesis that noradrenergic 
replacement may confer symptomatic 
benefit, a double-blind, placebo-con- 
trolled therapeutic trial with clonidine 
hydrochloride (Catapres), a centrally 
active noradrenergic receptor agonist, 
was undertaken in eight patients with the 
clinical diagnosis of Alzheimer’s disease. 
No statistically significant changes in 
cognitive function were found over a 
range of doses, including those that pro- 
duced clinically observable side effects. 
These preliminary results indicate.a need 
for alternative noradrenergic replace- 
ment strategies in Alzheimer’s disease. 

{Arch Neurol. 1989;46:376-378) 


Clinical studies of transmitter dys- 

function in Alzheimer’s disease 
have focused on the well-documented 
cholinergic deficiency.'* Nevertheless, 
increasing evidence suggests a role for 
other transmitter systems in the 
pathophysiology of this disorder. In 
particular, a deficiency in cortical 
noradrenergic innervation has been 
described in Alzheimer’s disease.** 
Neurochemical findings show deple- 
tion of noradrenaline, its synthesizing 
enzyme dopamine §-hydroxylase, and 
its metabolite 3-methoxy-4-hydroxy- 
phenylglyeol in cerebral cortex,’ 
while neuropathologic observations in 
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turn indicate a neuronal loss in locus 
coeruleus,’ which provides noradren- 
ergic innervation to the cerebral cor- 
tex and hippocampus.'° 

Preclinical investigations have long 
implicated the noradrenergic system 
in certain aspects of learning and 
memory." For example, lesioning of 
locus coeruleus projections produces 
learning impairment in rodents”; 
pharmacologic blockade of noradrena- 
line synthesis also disrupts learning 
in these animals,'’!? which can be 
reversed by the intraventricular 
administration of this catechol- 
amine," 

Recently, the noradrenergic a,- 
receptor agonist clonidine was ob- 
served to improve delayed response 
deficits in aged primates having 
decreased noradrenaline levels.%!° A 
similar response to adrenergic agonist 
therapy was reported in young mon- 
keys with chemical lesions of nora- 


drenergic projections to the prefron-. 


tal cortex. 

These results, together with reports 
of the relative preservation of nora- 
drenergic receptors in Alzheimer’s 


cortex,” suggest that selective adren- ` 


ergic agonists might confer symptom- 
atic benefit to patients with this dis- 
order. To test this hypothesis, a con- 
trolled clinical trial with clonidine 
hydrochloride (Catapres) was carried 
out in patients with mild to moderate- 
ly advanced Alzheimer’s disease. 


PATIENTS AND METHODS 


Eight patients (six male, two female; 
mean [+SEM] age, 62 + 3 years; range, 57 
to 76 years; education, 16 + 1 years; range, 
12 to 20 years), who satisfied criteria of the 
Diagnostic and Statistical Manual of Men- 
tal Disorders, ed 3} and of the National 
Institute of Neurological and Communica- 
tive Disorders and Stroke-Alzheimer’s 


Disease and Related Disorders Associa- 
tion” for Alzheimer’s disease, consented to 
participate in this study after full disclo- 
sure of its potential risks and benefits. 
Dementia symptoms were reported to be 
present for 4.4 + 1.2 (2 to 10) years in these 
patients, and the degree of cognitive 
impairment (Mattis Dementia Rating 
Scale”) ranged from mild (137) to moder- 
ately severe (110), with a mean score of 
125 + 3.4. Right healthy subjects, matched 
for sex, age, and education (six male, two 
female; age, 62 + 1.8 [56 to 71] years; edu- 
cation, 17 + 1 [18 to 20] years) served as 
controls for the patients’ psychometric and 
neuropsychological baseline assessment. 

All subjects received an assessment of 
intellectual and memory function (Wechs- 
ler Adult Intelligence Scale-Revised™ 
Wechsler Memory Scale”). Patients with 
Alzheimer’s disease had a full-scale IQ of 
92 + 3 (84 to 109), with a verbal IQ of 
99 + 4 (86 to 123), a performance IQ of 
84 + 3 (86 to 112), and a memory quotient 
of 81 + 4 (67 to 93). Control subjects had a 
full-scale IQ of 131 + 4.2 (112 to 145), a 
verbal IQ of 180 + 3.5 (112 to 144), and a 
performance IQ of 122 + 4.6, (105 to 144); 
their memory quotient was 139 + 2.6 (124 
to 143), and there was no neuropsychologi- 
cal evidence of dementia (Mattis score, 
143 + 0.6, 140 to 144). 

On admission to this study, all patients 
had been free of other centrally acting 
medication for at least 4 weeks. Clonidine 
hydrochloride was administered orally ina 
double-blind, pseudorandomized crossover 
design (0.1, 0.2, 0.4 mg); in addition, patient 
8 received up to 1.2 mg in increments of 0.2 
mg. All doses of active medication or place- 
bo were given in random order, with the 
exception that none of the patients 
received highest drug dose levels at the 
initiation of treatment. 

Neuropsychological evaluations were 
performed on admission (baseline) and 
after 1 to 2 weeks of drug administration 
at each individual dose of medication (all 
patients) or placebo (five patients). No 
individual drug or placebo therapy was 
given for longer than 2 weeks. Treatment 
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Effect of Clonidine on Neuropsychological Function * 


Maximum 
Score 





Function 


Attention 
Digits forward 


Digits backward 


Verbal memory 
Object naming immediate 


recall 27 
Object naming delayed recall 9 
Verbal learning 

immediate recall 32 
Verbal learning delayed recall 8 
Sentence memory 21 


Fluency (supermarket) 
Visuospatial memory 


Object placement immediate 9 
Object placement delayed g 
Visual retention test 

immediate recall 8 
Visual retention test 

delayed recall 8 
Recurrent figures 

immediate recall 64 
Recurrent figures 

delayed recall 16 


“Values are mean + SEM. 


Baseline 
$cc 0 0 a, 
Alzhelmer’s 
Controls Disease Placebo 

7520.3 6.9 + 0.5} 6.5 + 0.5 
68.3 4 0.3 4.1 + 0.3¢ 4.3 + 0.3 
25.7 + 0.4 14.1 + 2.34 12,6 + 3.6 
8.6 + 0.3 4.6 + 0.9¢ 4.3 t 1.7 
28.5 + 0.7 16.3 + 1.7¢ 13.3 + 2.6 
Paar 1.3 + 0.5§ 2.0 + 1.4 
19.3 + 0.6 13.0 + 1.2¢ 14.5 t 1.0 
29.3 + 1.6 9.7 = 1.0¢ 8.5 + 1.8 
9.0 + 0.0 6.6 + 1.1¢ 4.3 + 1.5 
8.7+40.3 6.3 + 1.2ł 4.3 + 1.3 
7.2+05 2.3 + 0.8¢ 5.7 + 0.7 
7.3 4 0.5 2.7 + O.B} 3.4 + 1.3 
59.1 + 2.2 45.7 + 1.54 50.0 + 4.6 
16.0 + 0.0 12.2 + 0.7ł 12,5 + 2.0 


TDifference between patients and controls at baseline not significant. 


Patients vs controls at baseline, P < .01. 
Comparison not possible, 


for patient 8 was maintained for 2 to 3 days 
at each of the higher doses (above 0.4 mg). 
Alternative test forms assessed object’ 
naming,‘ verbal learning,” sentence memo- 
ry,” word fluency,” digit span forward and 
backward,™ object placement,’ and visual 
retention.” 

Data are reported as mean + SEM and 
were analyzed with MANOVA techniques 
(BMDP 4V)? and repeated measures 
ANOVA (BMDP 2V).*° 


RESULTS 


A comparison of baseline neuropsy- 
chological test scores between pa- 
tients and control subjects revealed a 
consistent decrement for the patient 
group in virtually all cognitive func- 
tions tested (Tables MANOVA, 
P <.001). 

Clonidine hydrochloride adminis- 
tration to patients with Alzheimer’s 
disease at oral doses between 0.1 and 
0.4 mg produced no consistent alter- 
ation in any of the tests of attention, 
or verbal or visuospatial memory 
employed (Table). Anecdotal reports 
by some patients and their families of 
improvement at lower doses (0.1 and 
0.2 mg) could not be substantiated by 
objective measures. 

To explore the possibility that 
insufficient clonidine dosages had 
been administered, one hypertensive 
patient received up to 1.2 mg of elon- 
idine hydrochloride per day (0.4 mg 
three times a day). Again, no definite 
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amelioration of cognitive function 
was olserved. 

Adverse effects of clonidine hydro- 
chlorice were limited to decreased 
blood pressure and mild sedation, at 
dose levels above 0.2 mg. These effects 
were generally mild, except in one 
patient in whom symptomatic hypo- 
tensior. developed at 0.4 mg. The sin- 
gle patient receiving 1.2 mg of clonid- 
ine hydrochloride evidenced marked 
hypotension and drowsiness at the 
highest dose levels. Clinical chemistry 
results revealed no evidence of other 
adverse effects. | 


COMMENT 


Short-term noradrenergic replace- 
ment tierapy with clonidine had no 
consistent effect on cognitive function 
in the patients with Alzheimer’s dis- 
ease admitted to this study. Although 
these results are preliminary owing to 
small sample size and short-term 
exposure to clonidine, this apparent 
lack of therapeutic benefit was 
observed at all dose levels, and no 
dose-dependent trends in terms of 
cognitive activation could be ascer- 
tained. The hypotensive effects noted 
at daily doses above 0.2 mg suggest 
that clonidine hydrochloride did have 
access to central adrenergic recep- 
tors.32!32 

The precise central pharmacologic 
action of clonidine remains specula- 


Clonidine Hydrochloride (Catapres), mg 


peall aee a, 


0.4 
7.3 + 0.7 7.4 + 0.6 7.1 + 0.7 
3.7 + 0.6 3.4 + 0.6 0+ 0.5 
13.6 + 1.7 14.9 + 2.6 15.9 + 2.2 
5.0 + 0.8 §.7 + 1.2 49+ 1.2 
14.44 1.5 13.9 + 2.3 16.7 + 1.7 
1.4 £ 0.7 1.7 + 0.8 2.1 + 0.7 
12.7 + 1.0 11.9409 12.9 + 0.8 
10.9 + 0.8 12.1 + 1.2 11.1 + 0.8 
6.3 + 1.1 6.1 + 1.5 6.7 + 0.9 
5.7 + 1.5 5.6 + 1.5 5.3 + 1.4 
3.5 + 0.9 2.7 + 0.8 3.5 + 1.1 
3.7 + 0.8 3.2 + 0.8 3.2 + 0.9 
49.3 + 2.5 45.6 + 2.5 46.1 + 2.9 
13.4 + 1.0 12.6 + 0.9 13.7 + 0.6 


tive. It has become increasingly clear 
that clonidine acts at both prejunc- 
tional and postjunctional adrenergic 
receptor sites.” Presynaptically, clon- 
idine and other a,-adrenergic agonists 
appear to decrease central noradrena- 
line synthesis and turnover. In 
view of evidence that noradrenergic 
projections degenerate in Alzheimer’s 
disease, a significant presynaptic 
inhibitory action of clonidine would 
seem unlikely, while the possibility of 
consequent postsynaptic supersensi- 
tivity% might enhance clonidine’s 
stimulatory effects. Recent reports of 
memory improvement in clonidine- 
treated patients with Korsakoff’s syn- 
drome support the premise of a pre- 
dominant postsynaptic action of this 
drug in patients with central nor- 
adrenergic dysfunction.” Observed 
memory deficits in normal subjects 
receiving clonidine might in turn 
reflect this drug’s presynaptic action 
and associated decrease in intrinsic 
noradrenergic activity.” 

Clonidine has been reported to ame- 
liorate cognitive deficits in aged pri- 
mates.'? Whether it is appropriate to 
consider “age-associated memory im- 
pairment’® as a model for the cogni- 
tive deficits seen in Alzheimer’s dis- 
ease nevertheless remains unclear. 
However, the relative lack of efficacy 
of clonidine in the treatment of Alz- 
heimer-type cognitive deficits cer- 


Alzheimer's Disease—Mohr et al 377 


tainly does not preclude the agent’s 
potential usefulness in the attenua- 
tion of certain memory deficits associ- 
ated with normal aging. 

While the deficiency’ in cortical 
noradrenergic innervation in Alz- 
heimer’s disease’? may contribute to 
memory deficits, normal functioning 
of other neurotransmitter systems, 
including acetylcholine and somato- 
statin,” may also be necessary for a 
significant improvement in cognition 
and memory. Continued disappointing 
reports"! of single neurotransmit- 
ter replacement therapies increasing- 
ly suggest the necessity for consider- 
ation of a multiple-system approach 
for the symptomatic treatment of Alz- 
heimer’s disease. 
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Very Mild Senile Dementia 
of the Alzheimer Type 


I. Clinical Assessment 


Eugene H. Rubin, MD, PhD; John C. Morris, MD; Elizabeth A. Grant, PhD; Thomas Vendegna 


è We report a longitudinal study of 16 
subjects originally enrolled in the Wash- 
ington University (St Louis, Mo} Memory 
and Aging Project with Clinical Dementia 
Rating (CDR) of “questionable” dementia 
(CDR. 0.5). A 0.5 rating was intended to 
characterize subjects in whom mild cogni- 
tive Impairment due to senile dementia of 
the Alzheimer type was suspected but 
was insufficient in degree to warrant a 
diagnosis of definite dementia. Ovér an 
84-month follow-up period, 11 of the 16 
subjects either had Alzheimer’s. disease 
verified post mortem or had clinically pro- 
gressed to a more advanced CDR stage in 
which the dementia was clearly evident. 
These results suggest that the CDR 0.5 
stage likely represents the inciplent clini- 
cal manifestation of Alzheimer's disease 
and that the majority of subjects with CDR 
0.5 have "very mild senile dementia of the 
Alzheimer type.” Performance on several 
standard clinical scales was significantly 
different when comparing a larger sample 
of controis (n = 83), subjects with CDR 
0.5 (n = 41), and subjects with mild senile 
dementia of the Alzheimer type (score of 
1; n = 68). 
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The accurate recognition of the very 

mild stages of senile dementia of 
the Alzheimer type (SDAT) is impor- 
tant for research and clinical practice. 
To better approach the pathophysiolo- 
gy of Alzheimer’s disease as well as 
understand the mechanisms responsi- 
ble for its behavioral symptoms, it is 
essential to study the very mild forms 
of SDAT. Successful treatments are 
likely to be most effective in the very 
mildly ill. (The term Alzheimer’s dis- 
ease refers to the histologically 
proved disorder, while SDAT refers to 
the disease when diagnosed by clinical 
and laboratory criteria. ) 





See also p 383. 





Distinguishing normal aging from 
very mild SDAT is difficult..*> The 
term age-associated memory impatr- 
ment has been introduced and 
defined,‘ yet its separation from very 


mild SDAT has yet to be clarified.’ 


Determining the nature of benign 
age-related memory changes requires 
a well-defined group of ‘subjects fol- 
lowed over the long term to exclude 
progressive cognitive decline. Similar- 
ly, defining. the symptoms of very 
mild SDAT depends on longitudinal 
evaluation to demonstrate clinical 
progression ‘and, ultimately, to docu- 
ment reuropathologic changes. 

The Washington University (St 
Louis, Mo) Clinical Dementia Rating 
(CDR) is a seale that rates the severi- 
ty of dementia as absent, question- 
able, mild, moderate, or severe (CDR 
0, 0.5, 1, 2, or 3, respectively).*® Inter- 


rater reliability has been demon- 
strated.’ The inclusionary criteria for 
SDAT were the gradual onset and 
progression for at least 6 months of 
memory loss with impairment of oth- 
er cognitive abilities, including orien- 
tation, judgment and problem solving, 
function in community affairs, func- 
tion in home and hobbies, and func- 
tion in personal care. These criteria 
as well as the appropriate exclusion- 
ary criteria’ are consistent with crite- 
ria of the Diagnostic and Statistical 
Manual of Mental Disorders (8rd ed) 
and of the National Institute of Neu- 
rological and Communicative Disor- 
ders and Stroke-Alzheimer’s ‘Disease 
and Related Disorders Association." 
All subjects coming to autopsy (cur- 
rently, N= 81) after meeting these 
criteria for SDAT at the CDR stages 
of 1 (mild) or greater have had the 
diagnosis of Alzheimer’ s disease con- ` 
firmed.” 

Between 1979 T 1981, 58 control 
subjects (CDR 0), 16- subjects with 
questionable SDAT (CDR 0.5), and 44 
subjects with mild SDAT (CDR 1) 
were. entered into a study of SDAT 
and healthy aging.’ (The original 
report included 48 subjects with 
SDAT paired with controls: An addi- 
tional subject, initially excluded 
owing to failure to complete ancillary 
procedures, is included herein because 
full clinical information is available.) 
The longitudinal course of the sub- 
jects with mild SDAT ‘has been 
described.“ We report herein longitu- 
dinal data on the 16 subjects enrolled 
with questionable SDAT (CDR 0.5): 
The rating of CDR 0.5 was applied to 
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subjects with such mild cognitive 
impairment that the clinician was 
unsure whether the changes were sub- 
tle signs of SDAT or benign changes 
associated with normal aging. The 
longitudinal design of this study pro- 
vided the opportunity to determine 
whether subje ects with CDR 0.5 have a 
progressive- illness. Furthermore, by 


combining data from ‘the original 


study with data from a second cohort, 
we have a larger sample of. controls 
and subjects with CDR 0.5 and CDR 1 


stagés. of SDAT, which enables us to. 


examine performance of the different 
groups -on standard clinical scales. 
Psychometric performance of subjects 
with very mild SDAT is oe in 
the accompanying. article. r 


SUBJECTS AND METHODS 


Fifty-eight. (28 men, 30 women; mean 
[ISD] age, 71.7 + 3.5 years) intellectually 
preserved control subjects, 44 (21 men, 23 
women; mean age, 71.5 + 4.9 years) sub- 
jects with mild SDAT, and 16 (8 men, 8 
women; mean age, 71.7 + 4.1 years) siib- 
jects with questionable , SDAT - were 
enrolled between 1979 and 1981. The diag- 
nostic criteria, CDR description, recruit- 
ment, and characterization of the saniple 
have beén described elsewhere.**"” All par- 
ticipants were between 64 and 82 years old 
and. living in ‘the community at entry. 
Although recruitment was not restricted 
by race, all participants were white; con- 
trols. and subjects with SDAT did not 
differ in terms of education or social posi- 
tion. Subjects, with potentially confound- 
ing neurologic, psychiatric, or medical dis- 
orders were. not enrolled. Controls met all 
exclusion criteria. i 

` A semistruétured ' clinical assessment 
was administered at entry and every 12 to 
15 months’ theréafter, . as previously 
described.“ Subjects and a knowledgeable 
collateral source’ (usually the spouse or 
other close relative) ‘participated in the 
interviews. The clinical assessment in- 
cluded open-ended questioning as well as 
structured information that allowed the 
scoring of several brief cognitive batteries, 
including the Dementia Scale (DS),"* the 
cognitive portion of the DS (the full DS 
minus the 11 personality questions), the 
Short Portable Mental Status Question- 
naire (SPMSQ), "and an’ aphasia bat- 
tery." A test of 5-minute recall of three 
verbally presented items (eg, “newspaper, 
pencil, window”) was also included. Infor- 
mation from the entire Clinical assessment 
was used to rate the subject on six “box 
scores,” which are'used to derive the com- 
posite CDR.** These six areas of cognitive 
function are: memory, orientation, judg- 
ment and problem solving, ‘community 
affairs, home and hobbies, and personal 
care. Impairment in each of these six areas 
is rated as none, questionable, mild, mod- 
erate, or severe. Adding each of the box 
scores allows the derivation of the “Sum of 
Boxes,” a more quantitative, measure of 


cognitive function than the global CDR 
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`- Table 1.—-Clinical Battery Scores at Entry* 








`~ 


5.4 + 2.8 
3.3 4 1.5 


0.4409 
0.1 + 0.4 


26+ 1.9 
1346.9 





DS (0-28): 
DSC (0-17) 






SPMSQ (0-10) ° 





AB (0-35) 
Sums of Boxes (0-18) O+ 0.1 2.1 + 1.1 6.2 + 1.4 


IMC (0-31)+ 1.2 + 1.2 6.1 + 441 15.3 +48 


“CDR indicatés Clinical Dementia Rating; DS, Dementia Scale; DSC, cognitive portion of the DS; SPMSQ;, 
Short Portable Mental Status Questionnaire; AB, aphasia battery; and IMC, Information- -Memory-Concentration 
Test. Values are mean + SD. There is a significant (analysis of variance, P = .0001) group effect for each of 
the tests. Póst hoc analysis shows significant differences between each of the three groups (P = .05) with the 







exception of the control vs CDR 0.5 AB. 


tRange of scores possible i in parentheses; larger score indicates greater impairment. 
+The IMC was administered only to the new longitudinal group (25 control, 25:CDR 0.5, and 24 CDR 1). 


Table 2. — Sensitivity and Specificity for Differentiating Controls 
From Subjects With CDR O. 5° 


Test ouo > Specificity, % eee % 


DS (OL + NL) 


DS + SPMSQ (OL + NL) 


- DS + IMC (NL) 


: DS + SPMSQ + 3-item test (OL) 





“CDR indicates Clinical Dementia Rating; DS, Dementia Scale; OL, old longitudinal group; NL, new 
longitudinal group; SPMSQ, Short Portable Mental Status Questionnairs: and IMC, information-Memory- 
Concentration Test. Since the IMC contains most items of the SPMSQ as well as recall of a name and address 
at 5 minutes, the DS + IMC from the NL group is similar to DS + SPMSQ + 3-item test in the OL group. 


(maximum impairment, 6 X 3, or 18). 
_ A second longitudinal study was begun 
in 1984; an additional 25 control subjects, 
25 subjects. with a CDR of 0.5, and 24 
subjects with a CDR rating of 1 were 
enrolled. Diagnostic criteria and sample 
composition were similar in each of the 
longitudinal studies. The combined groups 
(original plus new longitudinal partici- 
pants) totaled 83 controls (82 mien, 51 
women; 71.6 + 4.9 years old); 41 subjects 
with CDR 0.5 (23 men, 18 women; 73.9 + 
5.2 years old); and 68 subjects with CDR1 
(81 men and 37 women; 72.1 + 5.0 years 
old). The new subjects were assessed with a 
similar semistructured interview that 
included the Blessed Information-Memo- 
ry-Concentration Test, as slightly modi- 
fied for use outside of Great Britain.” 
Group differences were analyzed by Ł 
tests, one-way analysis of variance, and 
Ryan-Einot-Gabriel-Welsch Post- Hoe 
tests. 


RESULTS 


Performance of all subjects with 
CDR 0:5 differed from that of the 
controls and subjects with CDR 1 on 
the DS, cognitive DS, SPMSQ, Sum of 
Boxes, and the Information-Memory- 
Concentration Test (Table 1). On the 


aphasia battery, the group with CDR. 


0.5 differed from the subjects with 
CDR 1 but not from controls (Table 1). 
The age of the 41 subjects with CDR 


0.5 (73.9 + 5.2 years) is slightly great- 


er (P = .05) than that of the subjects 
with CDR 1 (72.1 + 5.0 years) or con- 
trols (71.6 + 4.9 years); however, the 
same differences in performance on 
these clinical batteries were present 
in the original longitudinal group, in 
which there were no age differences 
between groups. 

Sensitivities and specificities in dif- 
ferentiating controls from subjects 
with CDR 0.5 are given in Table 2. 
Sensitivity and specificity data are 
also given for composite scores, 
derived by adding the’ individual 
scores of subjects on the listed clinical 
batteries (Table 2). 

The CDR ratings over time for the 
16 subjects initially enrolled as having 
CDR 0.5 in the original longitudinal 
study are given in Table 3. Ten of the 
16 clinically progressed to defirite 
dementia (ie, CDR 1 or beyond). One 
subject died while still in the CDR 0.5 
stage (40 months after entry); neuro- 
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D 


a 





Oo 15 
0.5 0.5 


Progressive 
1 
2 0.5 
3 0.5 1 
4 0.5 ° 1 
5 0.5 1 
6 0.5 1 
7 0.5 1 
8 0.5 0.5 
9 0.5 0.5 
10 0.5 0.5 
11 - 0.5 — 1 
Nonprogressive 
12 0.5 0.5 


13 
14 
15 
16 


0.5 





* CDR indicates Clinical Dementia Rating. 
tDied prior to assessment. 

+Assessment by telephone. 

§Autopsy confirmative for Alzheimer's disease. 






Table 4.—Clinical Batteries of Subjects 
With CDR 0.5 at Entry 


Progressive Nonprogressive 
- (n= 11) (n = 5) 











2.7 + 1.8 3.9 + 2:5 
DSC 41.5 + 0.7 19+ 1.2 
SPMSQ 2.2% 1.9 0.8 + 0.8 






0.2 + 0.6 0.2 + 0.4 





* Abbreviations are expanded in the footnote to 
Table 1. Values are mean + SD. 


pathologic examination confirmed the 
diagriosis of Alzheimer’s disease in 
this subject and the other original 
subject with CDR 0.5 who came to 
autopsy after progressing to the CDR 
3 stage. Therefore, 11 of 16 subjects 
either progressed to more severe 
dementia (CDR 1 stage or greater) or 
had Alzheimer’s disease confirmed at 
autopsy, or both. Of the 10 who clini- 
cally progressed, only -2 remained in 
the CDR 1 group by the end of the 
study period. Five subjects (3 men, 2 
women) had not progressed beyond 
CDR 0:5 by the time of their last 
clinical assessment. Subjects 18 and 
14 continue to live independently, and 
their CDR ratings have varied from 0 
(no impairment) to 0.5 (questionable 
impairment) át their serial assess- 
ments. Subject 16 died between the 34- 
and 50-month assessments (autopsy 
permission was not obtained); clinical 
records indicated contributing causes 
of death were a brain tumor and cere- 
brovascular accident. Subjects 12 and 
15 .declined further participation in 
the study after the 66- and 34-month 
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assessments,’ respectively; their col- 
lateral sources were interviewed by 
phone at 84 months, and at that time 
there was-no indication of dementia 
progression. Six months later (90 
months), both subjects consented to 
full clinical assessment. Subject 12 
was still judged to remain in the CDR 
0.5 stage. Subject 15 had progressed to 
a moderate dementia (CDR 2); howev- 
er, cognitive decline had occurred only 
recently following a cerebral infarc- 
tion and treatment for systemic lym- 
phoma, and thus it was impossible to 
attribute the progression of dementia 
to SDAT alone. 

There was no significant difference 
at entry in the performances on the 
clinical batteries between the 11 sub- 
jects with CDR 0.5 who progressed in 
dementia severity (or had confirmed 
Alzneimer’s disease) and the 5 who 
did not progress (Table 4). All sub- 
jects with CDR 0.5 (n = 7) who had a 
score of 1 on the memory subscale of 
the box scores at entry progressed, 
whereas 5 of the 9 with an initial 
memory box score of 0.5 did not 
progress. A score of 1 for memory 
indicates “moderate memory loss, 
more marked for recent events; defect 
interferes with everyday activities.” 
There were no consistent differences 
in personality changes, depressive 
symptoms, or psychotic symptoms” 
at intake betweer those who pro- 
gressed and those who did not. 


COMMENT 


The two major conclusions of this 
study are (1) the CDR 0.5 stage of 


dementia, defined as “questionable” 
cognitive impairment, actually repre- 
sents very mild SDAT in the large 
majority of cases, and (2) as a group, 
the subjects with CDR 0.5 differ from 
both controls. and subjects with mild 
SDAT in their performance on several 
standard clinical cognitive scales. 
The first conclusion is based on the 
demonstration that 11 of the 16 origi- 
nal subjects with CDR 0.5 progressed 


- or had Alzheimer’s disease confirmed 


at autopsy. Of the remaining subjects, 
1 died without autopsy before long- 
term follow-up. For the remaining 4 
subjects, we are unable to determine 
whether their CDR 0.5 rating was due 
to a very slowly progressive dementia 
or a nonprogressive process, such as 
age-associated memory impairment. 
Performance on standard clinical bat- 
teries did not allow differentiation of 
those who progressed from those who 
did not; this suggests the need for 
continued longitudinal studies until 
tests are validated that allow accurate 
predictions of those who will progress. 
All. subjects whose memory perfor- 
mance at entry was judged by clini- 
cians to be impaired in the CDR 1 box 
score range ultimately progressed in 
global dementia severity, consistent 
with the hypothesis that early memo- 
ry impairment is indicative of SDAT. 
The clinician’s determination of the 
memory box score is based on a syn- 
thesis of objective performance on 
clinical batteries together with the 
subjects and ` collateral sources’ 
responses to- open-ended questions 
regarding changes in. performance 
and abilities over time. E 
As a group, subjects with a CDR of 
0.5 performed better than subjects 
with mild SDAT and worse than con- 
trols on several of the standard tests, 
including those dependent on collater- 
al source report (DS, and cognitive 
DS) and those requiring subject par- 
ticipation (SPMSQ, Information- 
Memory-Concentration Test). This 
pattern is consistent with the hypoth- 
esis that CDR 0.5 usually represents 
very mild SDAT and that these tests 
are ablé’ to measure associated 
changes: oS aa 
‘Although control vs CDR 0.5 vs 
CDR 1 group differences exist on clin- 
ical assessment performance, specific- 
ity and sensitivity measures indicate 
the utility of the various batteries in 
accurately classifying an individual in 
terms of a CDR. For instance, as 
shown in Table 2, only 2% of subjects 
with very mild SDAT obtained a total 
DS plus SPMSQ score of 1 ‘or less, 
whereas over 80% of controls 
obtained such values. If a patient 
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administered these two tests scores 1 
or less, it is unlikely that a very mild 
SDAT is present: Similarly, if a 
patient fulfilling the exclusionary cri- 
teria of our study scores greater than 
three errors on the sum of the DS and 
SPMSQ, it is likely that at least very 
mild SDAT is present. To determine 
most accurately if an individual 
patient has very mild SDAT, a clinical 
evaluation should be performed by an 
experienced clinician familiar with 
the CDR scale and standard scales. 
This evaluation should include de- 
tailed history from a‘ knowledgeable 
collateral source. 

Examination of psychometric per- 
formance of controls, subjects with 
CDR 0.5, and subjects with CDR 1" 
indicates that the same pattern of 
abnormal psychometric performance 
exists in the subjects with CDR 0.5 
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and the subjects with CDR 1. Quanti- 
tatively, these abnormalities are too 
small to classify individuals accurate- 
ly as either controls or subjects with 
CDR 0.5. Individual control subjects 
could be distinguished from subjects 
with CDR 1 with psychometric perfor- 
mance. The same pattern of psy- 
chometric abnormalities in the sub- 
jects with CDR 0.5 and CDR 1 is 
consistent with the hypothesis that 
the subjects with CDR 0.5 have a 
milder form of the same process 
(SDAT). 

A limitation of this work is the 
homogeneity of the sample. Patients 


with any complicating medical, neuro-, 


logic, or psychiatric disorder were not 
enrolled in the study. This was essen- 


‘tial to help define very mild SDAT in 


its purest form. It is important now to 
study more medically heterogeneous 
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II. Psychometric Test Performance 


Martha Storandt, PhD, Robert D. Hill, PhD 


è A brief battery of psychometric tests 
was used to compare 41 Individuals with 
very mild senile dementia of the Alzhel- 
mer type (SDAT) with 83 healthy partici- 
pants and 66 individuals with mild SDAT. 
Although canonical analysis indicated 
that the same psychological functions 


(memory, speeded psychomotor perfor- 


mance, and language) are involved in both 
very mild and mild SDAT, objective levels 
of performance by the very mildly af- 
fected individuals overlapped extensively 
with those of both healthy aged and mildly 
demented individuals. Consideration of 
premorbid individual differences in psy- 
chological functions will probably be 
required if psychometric test perfor- 
mances are to be effective in detecting 
SDAT in the very mild stage. 
(Arch Neurol. 1989;46:383-386) 


major goal of the clinical diag- 
nostic approach to senile demen- 
tia of the Alzheimer type (SDAT) is to 
detect the disease in the very mild 
stage. Until such time as prevention is 
possible, early diagnosis will enhance 
maximum effectiveness of remedial 
treatment efforts designed to compen- 
sate for the progressive deterioration 
that is characteristic of this disease. 
We reported the results of a study' 
of mildly demented individuals and 
healthy older adults with the use of a 
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battery of psychological tests that 
achieved a high rate of correct classi- 
fications of these two groups (98% on 
cross validation). The success of the 
resulting brief battery of tests has 
been validated by other researchers.? 
Using a different set of tests, Eslinger 
and his colleagues’ reported similar 
differentiation of mildly demented 
individuals from healthy older 
adults. 





See also p 379. 





A major purpose of the present 


` study was to extend our previous work 


to include very mildly demented indi- 
viduals as well. This is a more difficult 
discrimination because it requires 
detecting more subtle changes in psy- 
chometric test performance. A second 
purpose was to determine whether 
those psychological functions that are 
affected in the very mild stage of 
SDAT are the same ones affected in 
the mild stage. This determination 
would address the important issue of 
the mechanisms of the disease and the 
brain-behavior relations involved. 
Our earlier work! suggested that three 
types of psychological function are 
involved in mild SDAT: memory, 
speeded psychomotor performance, 
and language. We wanted to deter- 
mine whether the same three domains 
are affected in very mild SDAT. 


SUBJECTS AND METHODS 
Participants 


Three groups from the Washington Uni- 
versity (St Louis, Mo) Alzheimer Disease 
Research Center patient registry were 
identified. The control group included men 


(n = 32) and women (n=51) who- were 
rated 0 (no dementia) on the Clinical 
Dementia Rating (CDR) Scale.** 

Those in the questionable dementia 
group had a CDR of 0.5; there were 23 men 
and 18 women in this stage of the disease. 
(The label questionable dementia [CDR 0.5] 
is used for those individuals thought to 
have very mild dementia until such time as 
the results of our longitudinal studies of 
the natural course of the disease of these 
individuals and associated autopsy confir- 
mation of the disease assure us that they 
do, in fact, have Alzheimer’s disease. The 
companion article by Rubin and his col- 
leagues’ describes the results to date for 16 
of those with a CDR of 0.5.) The mildly 
demented group (CDR, 1) consisted of 29 
men and 37 women who had suffered grad- 
ual intellectual deterioration for 6 months 
or longer. All participants in the study 
were free of depression, severe hyperten- 
sion, reversible dementias, and other dis- 
orders or medications causing mental 
impairment. 

The CDR is based on clinician evalua- 
tions of the person’s cognitive abilities in 
the areas -of memory, orientation, judg- 
ment and problem solving, community 
affairs, home and hobbies, and personal 
care. The diagnosis and staging of the 
disease is based on information obtained in 
a 90-minute interview and neurologic and 
psychiatric examination; part of the inter- 
view is with the subject and part with a 
collateral source. Physician diagnosis and 
staging of the disease are accomplished 
before psychological testing is done. Inter- 
views and examinations were conducted by 
one of eight board-certified physicians 
(four neurologists and four psychiatrists). 
The interviews were videotaped for inde- 
pendent rating by one of the other physi- 
cians. Both reliability of the CDR and 
validity of the diagnosis (based on autopsy 
confirmation) by this research team are 
excellent?" 

Informed consent was obtained from 
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participants and collateral sources after 
the nature of the study was fully explained. 
All participants were enrolled in one of 
two longitudinal studies of the natural 
course of SDAT and healthy aging. The 


Scores (Mean + SD) of Demented and Nondemented Older Persons 
on Battery of Psychological Tests 


Diagnostic Group 
rrr teeter —— eet rite NHN, 


first longitudinal study began in 1979, the 
second in 1984. Comparison of the psycho- 
logical test performances at the initial 
times of testing of the two longitudinal 
samples revealed no significant differences 
between participants with the same CDR 
in the two samples. The three groups were 
not significantly different (P > .05) in edu- 
cation (mean t SD, 128+ 3.5 years; 
range, 6 to 21 years) or socioeconomic 
status as measured by the Hollingshead 
Two Factor Index of Social Position” 
(3.1 + 1.1; range, 1 to 5). The questionably 
demented group was slightly older (73.9 + 
5.2 years; range, 65 to 83 years) than the 
control (71.6 + 4.9 years; range, 64 to 83 
years) and mildly demented (72.2 + 5.0 
years; range, 63 to 82 years) groups (F 
[2,187] = 3.17, P=.04). All participants 
were white, although this result was not by 
design in the first longitudinal study. 


Measures 


A 2-hour psychometric test battery was 
used to assess a wide range of psychologi- 
cal functions (eg, various types of memory, 
psychomotor performance, and language 
skills, visuospatial abilities, and intelli- 
gence). The tests include both standard 
and experimental, verbal and nonverbal 
procedures. The tests used for the first and 
second longitudinal studies varied slightly 
(eg, some were omitted and some added 
when the second longitudinal study began). 
Measures administered to both samples 
and included in these analyses are shown 
in the Table. Tests highly analogous to 
those included as part of the physician’s 
interview (eg, personal information and 
orientation subtests of the Wechsler Mem- 
ory Scale [WMS]) were not included to 
avoid part-whole correlations with the cri- 
terion (ie, stage of the disease as assessed 
by the CDR). 


Procedure 


All participants were tested individually 
by psychometricians who were- not 
informed of the physicians’ ratings. All 
standard tests were administered and 
scored according to the test manuals, with 
the following exceptions. 

A self-paced visual recognition test of 
the pairs of words from the standard WMS 
Associate Learning subtest was included 
immediately after the completion of the 
third recall trial. The first word of each 
pair was printed in the middle upper por- 
tion of a large index card with four choices, 
including the correct response word, 
printed horizontally below. (This measure 
was not included in the canonical analysis 
because of the ceiling effect in the control 
group.) 

One minute was allowed for production 
of S words and one minute for P words in 
the word fluency task. The score was the 
number of words produced. Those in the 
second longitudinal study were adminis- 
tered the revised 60-item Boston Naming 
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: Mild 
Measure Dementia 


Wechsler Memory Scale 12 
Mental control * 


Logical memory * 

Digit span 
Forward 5.76 + 1.23 
Backward 3.15 + 1.38 
Total“ l 8.91 + 2.21 


Associate learning 
(recall) 
Easy , 10.76 + 4,15 


Hard 0.27 + 0.67 
Totai* 5.65 + 2.35 


Associate learning 
(recognition) 
Easy 5.68 + 0.66 


Hard 1.79 + 1.28 
Word fluency !$ 


4.53 + 2.57 
1.73 + 1.76 


6.76 + 4.83 
P 6.35 + 4.24 
Total® 13.10 + 8,77 
Boston Naming * 14 28.53 + 15.92 


Visual Retention Test, 
form C18 
No. correct 


No. of errors * 
Bender Gestalt” 18 


Wechsler Adult 
Intelligence Scale!” 
information * 


Comprehension * 

Digit symbol” 

Biock design * 
Trailmaking A* 18 
Crossing-Off* 19 


2.08 + 1.76 
16.82 + 6.21 
4.33 + 1.98 


8.77 + 5.47 
11.91 + 6.22 
18.94 + 12.63 
12.47 + 11.12 

{03.71 + 50.40 
123.68 + 39.15 


* Included in canonical correlation. 


Test; scores on the-longer, original version 
administered to the participants in the 
first longitudinal study were rescored to 
conform to the 60-item version. The Ben- 
der Gestalt Test was scored by a clinical 
psychologist using a modified Hutt-Bris- 
kin scoring system.” Raw scores on the 
Wechsler Adult Intelligence Scale (WAIS) 
subtests were used in the data analyses. 

The score on the Trailmaking test, part 
A, was the number of seconds taken to 
complete the task. This represents a 
change in scoring from that of our earlier 
reports, which used the reciprocal of the 
time multiplied by 1000. The score on the 
Crossing-Off procedure was the number of 
items completed per second times 100. A 
maximum of 8 minutes each was allowed 
for the Trailmaking and Crossing-Off 
tests. 

A high score indicates good performance 
on all measures with the exception of the 
number of errors on the Visual Retention 
Test, the Bender Gestalt Test, and the 
Trailmaking A test. Missing data were not 
extensive because of the mildness of the 
disease in the demented groups. When 
missing values did occur, the participant 
was assigned the worst score on that test. 


Questionable 
Dementia 


5.58 + 2.30 
4.68 + 2.12 


6.17 + 1.34 
4.10 + 1.32 
10.27 + 2.41 


13.46 + 2.61 
1.46 + 2.07 
8.20 + 2.98 


5.85 + 0.42 
3.20 + 0.95 


11.51 + 5.80 
10.63 + 5.08 


22.15 + 10.48 
43.00 + 12.76 


3.73 + 1.67 
11.66 + 4.13 
3.27 £+ 1.87 


- No 
Dementia 


7.20 + 1.92 
9.01 + 2.48 


6.81 + 1.41 
5.15 & 1.31 
11.96 + 2.18 


16.39 + 1.59 
4.83 + 2.94 
13.02 + 3.42 


6.00 + 0.00 
3.96 + 0.24 


14.25 + 5.49 
13.66 + 5.17 
27.91 + 9.95 
53.64 + 5.13 


5.55 + 1.68 
7.12 + 3.35 
2.29 + 1.28 


14.10 + 5.54 
18.29 + 5.06 
31.93 + 10.40 
19.32 + 10.05 
68.22 + 32.89 
144.63 + 45.53 


20.14 + 4.55 

22.24 t 3.13 

45.42 + 10.393 

29.11 + 7.47 

42.14 + 12.52 41 
170.94 + 35.30 





RESULTS 


The Table shows the means and SDs 
for the control, questionably de- 
mented, and mildly demented groups 
on each variable as well as the portion 
of variance in each dependent variable 
explained by group membership (w’). 

Canonical correlation (stepwise dis- 
criminant analysis, BMDP7M) was 
used to determine those measures, 
and their weights, that would corre- 
late maximally with group member- 
ship. The same dependent variables 
were used in this analysis as were 
used in our earlier discriminant anal- 
ysis of a subsample (n = 42 each) of 
the control and mildly demented 
groups.’ These measures are shown by 
footnote in the Table. A single signifi- 
cant (P < .0001) canonical variate was 
obtained in the present analysis 
(Re = .86). The measures (and their 
standardized coefficients) that con- 
tributed significantly (F to en- 
ter = 4.00) to the canonical variate 
were, in order of entry, the WMS 
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Distributions of each of three groups on canonical variate. SDAT indicates senile dementia of the 


Aizheimer type. 


Logical Memory subtest (.70), the 
WAIS Digit Symbol subtest (.35), and 
the Boston Naming Test (.30). The raw 
regression equation for the canonical 
variate was 3.940 — 0.322 Logical 
Memory — 0.031 Digit Symbol — 0.026 
Boston Naming. The Figure shows the 
distribution of the three groups on the 
canonical variate. The mean of the 
canonical variate was —1.78 for the 


` control group, 0.31 for the question- 


ably demented group, and 2.05 for the 
mildly demented group. 

Using a cutoff point of 0 on the 
canonical variate, no one in the con- 
trol group and only three individuals 
in the mildly demented group were 
misclassified. There is no cutoff point, 
however, that allows good discrimina- 
tion of the questionably demented 
group. The range of their scores on the 
canonical variate was entirely sub- 
sumed by the range found in the mild- 
ly demented group. Further, 40% of 
those in the questionably demented 
group obtained scores on the canoni- 
cal variate that overlapped with 
scores obtained by those in the control 
group. 


COMMENT 


The excellent discrimination of 
mild SDAT from healthy aging on the 
basis of only a few psychometric tests 
in an expanded, although admittedly 
highly select sample, was maintained. 
Again, memory, as measured by the 
WMS Logical Memory subtest, made 
the largest contribution to this dis- 
crimination. This is not surprising 
given that memory deficits are a hall- 
mark of the disease. 
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The otker two tests that contrib- 
uted to the canonical variate were 
different in this expanded sample 
than in our earlier analysis of the 
smaller subsample. The WAIS Digit 
Symbol subtest replaced the Trail- 
making A test, and the Boston Nam- 
ing Test replaced the Word Fluency 
measure. The same kinds of psycho- 
metrie functions (speeded psychomo- 
tor performance and verbal ability), 
however, remained in the equation 
and retained similar weights, both 
with respect to each other and with 
respect to those obtained for replaced 
tests in the earlier analysis of the 
subsample. 

The changes in specific tests repre- 
senting speeded psychomotor perfor- 
mance and verbal ability may have 
resulted from changes made in the 
scoring of the Trailmaking A and the 
Boston Naming Test. We repeated the 
analyses twice, once using the recipro- 


~ cal of the number of seconds required 


to complete the Trailmaking test and 
once using the logarithm of the num- 
ber of seconds required (to reduce 
skewness). The results were un- 
changed. Thus, the more likely expla- 
nation of the changes in tests included 
in the equation is sampling variabili- 
ty; if that is the case, the present 
results are to be preferred because of 
the larger sample size and hence the 
greater stability of the coefficients. 
Finally, the WMS Mental Control 
test’s action as = suppressor variable 
was not replicated, an observation 
that simplifies interpretation and 
application. 

The fact that only one canonical 


variate was obtained indicates that 
the three groups vary along only one 
dimension, presumably degree of 
dementia. This result is consistent 
with an interpretation that those in 
the questionable group do, indeed, 
have very mild SDAT. The unimodal 
shape of the distribution of this group 
on the canonical variate supports this 
position, as does an examination of 
the SDs of the scores on the various 
tests for this group. The SDs were 
similar to those of the other two 
groups. If the questionable CDR was a 
result of misdiagnosis (ie, the group 
contains some healthy and some 
demented people), the distribution of 
the questionable group would be 
expected to be bimodal, and the SDs 
on the various measures would be 
larger in this group than in the other 
two groups. 

The lack of a second significant 
canonical variate suggests that the 
same psychological functions are 
affected in the very mild stage of the 
disease as in the mild stage. For 
example, the type of function mea- 
sured by the WAIS Digit Symbol test, 
which depends in large part on rapid 
psychomotor performance with little 
reliance on the type of memory 
thought to underlie good performance 
on the WMS Logical Memory sub- 
tests,” is affected in the very mild 
stage of the disease as well as in the 
mild stage. 

The extensive degree of overlap of 
the performances of the questionable 
group with both the control and mild- 


. ly demented groups indicates that 


attention to absolute levels of perfor- 
mance on psychometric tests is not 
particularly helpful in identifying 
very mild dementia. The physicians 
were not willing to label the people in 
the questionable group as mildly 
demented, although their psychomet- 
ric performances were entirely within 
the range of the performances demon- 
strated by the mildly demented group. 
Similarly, the physicians were willing 
to diagnose questionable dementia in 
40% of this group with psychometric 
performances no worse than those of 
some individuals judged as healthy. 
These psychometric tests are suff- 
ciently sensitive to detect individual 
differences in present function but 
cannot address the reasons for such 
differences. 

A major difference between the 
type of information available to the 
physicians in making their clinical 
judgments and that obtained from the 
objective psychometric battery re- 
lates to previous level of function, 
judged by the physicians on the basis 
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of collateral and subject report. This 
suggests that it will be necessary to 
take into consideration premorbid 
performance if objective measures 
such as psychological tests are to be 
used effectively in screening for very 
mild dementia. Good collateral infor- 
mants often are not available to pro- 
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vide this information. Indicators of 
earlier levels of performance often 
used in research on aging (eg, “hold” 
tests from the WAIS, such as the 
Information subtest) are not helpful 
in this respect because they too are 
affected by this disease. What is 
needed are baseline levels of psycho- 
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MIDAS REX® INSTITUTE 
HANDS-ON WORKSHOPS* 


“Modern Dissection Techniques Of Bone, Biometals, Bioceramics, and Bioplastics” 


NEUROSURGICAL SYMPOSIA (NEURO 700) 
MAY 8-9-10 e 22-23-24 
JUNE 8-9-10 © 19-20-21 
JULY 10-11-12 © 20-21-22 
WORKSHOPS: The workshops are held each day from 7:00 a.m. 
to 1:00 p.m. They will emphasize a series of structured exercises, 
utilizing appropriate animal bones, bioplastics and biometals. 
NEUROSURGEONS—dissection skills for bonework of the cranium 
and spine, including attention to bioplastics and biometals ap- 
plicable to neurosurgery. 
OR PERSONNEL—dissection skills to become familiar with the appli- 
cations of power instrumentation; discussion of and participation in 
problem solving, care, and proper mainte- | 
nance of power equipment. 
AREA ATTRACTIONS: 
SPECTATOR SPORTS—Basebaill, Jai Alai, 
Greyhound Racing, Polo, Golf, Tennis, 
Sailing. į 
PARTICIPANT SPORTS—Golf, tennis, swim- ; 
ming, sailing, racquetball. ` 
SIGHTSEEING—Lion Country Safari, White- 
hall (Henry Flagler mansion), Hibel Museum 
of Art, Science Museum, Morikami Museum, 
Norton Art Gallery, Society of the Four Arts. 
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“Modern Dissection aoe | po ea Bone, 
Biometals, Bioceramics, and Bioplastics” 

(NEURO 700)* 

(Plastic, ENT, Craniofacial and Maxillofacial 
surgeons may attend this conference) 
Course Directors: 
John M. Tew, Jr., M.D. 
Susan Mitchell, Ed.D. 
Lee Sobania, Ph.D. 


WORKSHOPS: The Midas Rex Hands-On Workshops will be 


held each day from 7:30 am to 1:30 pm. The workshop will em- 
phasize a series of hands-on exercises, utilizing appropriate 
animal bones, skeletal bones, bioplastics and biometals for 
dissection in the cranium and spine. Methy|lmethacrylate and 
biometals, as they are related to neurosurgery will also be 
considered. Guést lecturers will present clinical aspects of 
spinal and cranial procedures and video tapes of clinical pro- 

cedures will be available. 
CREDITS: C.M.E. credit available. 


Also Plastic, ENT, Craniofacial, Maxillofacial, etc. 
AUGUST 7-8-9 ® 21-22-23 

SEPTEMBER 18-19-20 

OCTOBER 2-34 + 16-17-18 
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OR PERSONNEL SYMPOSIUM (ORP 700) 
Symposium for OR Porson only: 
JUNE 54-7 
SEPTEMBER 14-15-16 

SHOPPING—lIn the old world style is Worth Avenue with some of 

the best boutiques in the world and many other malls and stores 

throughout Palm Beach County. 

DINING—There are 2,000 restaurants to choose from in the area 

with many boasting 5 star ratings. 


ENROLLMENT: Fee (USS): Surgeon $965.00; Resident $585.00 
(with letter from Department Head); All Operating Room Personnel 
(RN/CST/PA/Other) $250.00. Make check to “Palm Beach Sym- 
posium.” Mail to: Midas Rex Institute, 2929 Race Street, Fort Worth, 
Texas 76111. 

Phone: 800-433-7639: or 817-831-2604. 


*Join the more than 7,100 enrollees who have completed Midas Rex Hands- 
On Workshops. 
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co-sponsored by 

The Department of Neurosurgery 

UNIVERSITY OF CINCINNATI MEDICAL CENTER 

in affiliation with 

GOOD SAMARITAN HOSPITAL 

CHRIST HOSPITAL 
MAYFIELD NEUROLOGICAL INSTITUTE 
and 
MIDAS REX® INSTITUTE 


ACCOMMODATIONS: The Westin Hotel at Fountain Square, 
Cincinnati, Ohio 45202-3160. Phone: (513) 621-7700 


SYMPOSIUM FORMAT 


ENROLLMENT: Fee (US$): Surgeon $965.00; Resident $585.00 
(with letter from Department Head); All Operating Room Per- 
sonnel (RN/ORT/ PA/Other) $250.00. Make check to “Cincin- 
nati Symposium.” Mail to: Midas Rex Institute, 2929 Race 
Street, Fort Worth, Texas 76111. Phone: 800-433-7639 or 

817-831-2604. 


*There will be a simultaneous Orthopaedic Symposium (Ortho 700) at the same time in a separate room. Hospitality and some 
lectures will be combined. 
Join the more than 7,000 enrollees who have completed Midas Rex Hands-On Workshops. (3,600 Orthopaedic Surgeons; 1,450 
Neurosurgeons; 2,000 OR Personnel) 
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early reawnent with depa 
improves the beginning years 
of the disease and 

has no adverse effect on 

the later years.” 


Start therapy 
as soon as signs and symptoms 
first impair daily activities 


For most patients with Parkinson's disease, 


Sinemet 


(Carbidopa-Levodopa | MSD) 


containing 25 mg carbidopa 

(anhydrous equivalent) 
mE and 100 mg levodopa 

one tablet t.i.d. 

then titrate as needed 


Right from the start 


SINEMET is contraindicated in patients receiving monoamine oxidase 
inhibitors (these inhibitors must be discontinued at least two weeks prior 
to initiating therapy with SINEMET); in patients with known hypersensitivity 


to this drug; in patients with narrow-angle glaucoma; and in patients 


tee “as le hg ei skin lesions or a history of melanoma. 





Dosage Guidelines 
Individualized dosage—a key to clinical 
success with SINEMET 

è begin when symptoms first interfere with 
normal function 

è adjust as necessary to help maintain relief 
of symptoms 


For initial therapy. .. 
Start with: 


SINEMET 25-100 


containing 25 mg carbidopa 
(anhydrous equivalent) and 
100 mg levodopa 


one tablet t.i.d. 


If necessary, to control symptoms, dosage 
may be increased by one tablet every day 
or every other day until a dosage of eight 
tablets of SINEMET 25-100 a day is reached. 


When it is evident that patients 
need more levodopa... 
Transfer to: 


SINEMET 25-250 


containing 25 mg carbidopa 
(anhydrous equivalent) and 
250 mg levodopa 


one tablet t.i.d. 


If still more levodopa is necessary, dosage 
with SINEMET 25-250 may be increased by 
one-half to one tablet every day or every 
other day to a maximum of eight tablets 
a day. 


When individualizing dosage... 
Titrate with: 


SINEMET 10-100 


containing 10 mg carbidopa 
(anhydrous equivalent) and 
100 mg levodopa 


or SINEMET 25-100 
or SINEMET 25-250 


The optimum daily dosage of SINEMET must 
be determined by careful titration in each 
patient. Tablets of the three strengths may 
be given separately or combined as needed 
to provide the optimum daily dosage. 


For patients transferred 


from levodopa 

DISCONTINUE LEVODOPA AT LEAST 

8 HOURS BEFORE STARTING SINEMET. 
The starting dose for SINEMET should pro- 
vide about 25 percent of previous levodopa 
requirements. (Patients receiving less than 
1500 mg of levodopa a day should be 
started on one tablet of SINEMET 25-100 

t.i.d. or q.i.d.) 


For full details on dosage and 
administration, see Prescribing 
Information. 
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Sinemet 


(Carbidopa-Levodopa | MSD) 


When SINEMET is to be given to patients who are 
being treated with levodopa, levodopa must be dis- 
continued at least 8 hours before therapy with 
SINEMET is started. In order to reduce adverse re- 
actions, it is necessary to individualize therapy. 
See the WARNINGS (below) and DOSAGE AND AD- 
MINISTRATION sections in the Prescribing Infor- 
mation before initiating therapy. 
Contraindications: MAO inhibitors and SINEMET 
should not be given concomitantly. MAO inhibitors 
must be discontinued at least 2 weeks prior to initiating 
therapy with SINEMET. 

SINEMET is contraindicated in patients with known 
hypersensitivity to this drug and in narrow-angle 
glaucoma. 

Because levodopa may activate a malignant mela- 
noma, itshould not be used in patients with suspicious, 
undiagnosed skin lesions or history of melanoma. 
Warnings: Levodopa must be discontinued at least 8 
hours before SINEMET is started. SINEMET should be 
substituted at a dosage that will provide approximately 
25 percent of the previous levodopa dosage. (See 
DOSAGE AND ADMINISTRATION section of Prescrib- 
ing Information.) Patients taking SINEMET should be 
instructed not to take additional levodopa unless pre- 
scribed. 

As with levodopa, SINEMET may cause involuntary 
movements and mental disturbances. These reactions 
may be due to increased brain dopamine following ad- 
ministration of levodopa. All patients should be ob- 
served carefully for development of depression with 
concomitant suicidal tendencies. Treat with caution pa- 
tients with past or current psychoses. Because carbi- 
dopa permits more levodopa to reach the brain and, 
thus, more dopamine to be formed, dyskinesias may 
occur atlower dosages and sooner with SINEMET than 
with levodopa. Occurrence of dyskinesias may require 
dosage reduction. 

SINEMET should be administered cautiously to pa- 
tients with severe cardiovascular or pulmonary dis- 
ease, bronchial asthma, renal, hepatic or endocrine 
disease. 

Exercise Care in administering SINEMET, as with 
levodopa, to patients with history of myocardial infarc- 
tion who have residual atrial, nodal, or ventricular ar- 
rhythmias. In such patients, cardiac function should be 
monitored with particular care during period of initial 
dosage adjustment, in a facility with provisions for in- 
tensive cardiac care. 

As with levodopa, there is possibility of upper GI 
hemorrhage in patients with history of peptic ulcer. 

A symptom complex resembling the neuroleptic 
malignant syndrome including muscular rigidity, ele- 
vated body temperature, mental changes, and in- 
creased serum creatine phosphokinase has been 
reported when antiparkinsonian agents were with- 
drawn abruptly. Therefore, patients should be ob- 
served carefully when the dosage of SINEMET is 
reduced abruptly or discontinued, especially if the pa- 
tient is receiving neuroleptics. 

Usage in Pregnancy and Lactation: Although ef- 
fects of SINEMET on human pregnancy and lactation 
are unknown, both levodopa and combinations of car- 
bidopa and levodopa have caused visceral and skele- 
tal malformations in rabbits. Use of SINEMET in women 
of childbearing potential requires that anticipated ben- 
efits of the drug be weighed against possible hazards 
to mother and child. SINEMET should not be given to 
nursing mothers. 

Usage in Children: Safety of SINEMET in patients 
under 18 has not been established. 

Precautions: As with levodopa, periodic evaluations 
of hepatic, hematopoietic, cardiovascular, and renal 
function are recommended during extended therapy. 

Patients with chronic wide-angle glaucoma may be 
treated cautiously with SINEMET provided intraocular 
pressure is well controlled and patient is monitored 
carefully for changes in intraocular pressure during 
therapy. 

Laboratory Tests: Abnormalities in laboratory tests 
may include elevations of liver function tests such as al- 
kaline phosphatase, SGOT (AST), SGPT (ALT), lactic 
dehydrogenase, and bilirubin. Abnormalities in pro- 
tein-bound iodine, blood urea nitrogen, and positive 
Coombs test have also been reported. Commonly, 
levels of blood urea nitrogen, creatinine, and uric acid 
are lower during administration of SINEMET than with 
levodopa. 


SINEMET® (Carbidopa-Levodopa, MSD) may 
cause a false-positive reaction for urinary ketone 
bodies when atest tape is used for determination of ke- 
tonuria. This reaction will not be altered by boiling the 
urine specimen. False-negative tests may result with 
the use of glucose-oxidase methods of testing for glu- 
cosuria. 

Drug Interactions: Caution should be exercised 
when the following drugs are administered concomi- 
tantly with SINEMET. 

Symptomatic postural hypotension can occur 
when SINEMET is added to the treatment of a patient re- 
ceiving antihypertensive drugs. Therefore, when ther- 
apy with SINEMET is started, dosage adjustment of the 
antihypertensive drug may be required. For patients re- 
ceiving monoamine oxidase inhibitors, see CONTRA- 
INDICATIONS (above). 

There have been rare reports of adverse reactions, 
including hypertension and dyskinesia, resulting from 
the concomitant use of tricyclic antidepressants and 
SINEMET 

Phenothiazines and butyrophenones may reduce 

the therapeutic effects of levodopa. In addition, the 
beneficial effects of levodopa in Parkinson's disease 
have been reported to be reversed by phenytoin and 
papaverine. Patients taking these drugs with SINEMET 
should be carefully observed for loss of therapeutic 
response. 
Adverse Reactions: Most common serious adverse 
reactions occurring with SINEMET are choreiform, dys- 
tonic, and other involuntary movements. Other serious 
adverse reactions are mental changes including para- 
noid ideation and psychotic episodes, depression 
with or without development of suicidal tendencies, 
and dementia. Convulsions also have occurred; how- 
ever, a causal relationship with SINEMET has not been 
established. 

A common but less serious effect is nausea. 

Less frequent adverse reactions are cardiac irreg- 
ularities and/or palpitation, orthostatic hypotensive 
episodes, bradykinetic episodes (the “on-off” phe- 
nomenon), anorexia, vomiting, and dizziness. 

Rarely, GI bleeding, development of duodenal ul- 
cer, hypertension, phlebitis, hemolytic and non-hemo- 
lytic anemia, thrombocytopenia, leukopenia, and 
agranulocytosis have occurred. 

Laboratory tests which have been reported to be 
abnormal are alkaline phosphatase, SGOT (AST), 
SGPT (ALT), lactic dehydrogenase, bilirubin, blood 
urea nitrogen, protein-bound iodine, and Coombs test. 

Other adverse reactions that have been reported 
with levodopa are: Nervous System: ataxia, numbness, 
increased hand tremor, muscle twitching, muscle 
cramps, blepharospasm (which may be taken as an 
early sign of excess dosage, consideration of dosage 
reduction may be madeatthis time), trismus, activation 
of latent Horner's syndrome. Psychiatric: confusion, 
sleepiness, insomnia, nightmares, hallucinations, de- 
lusions, agitation, anxiety, euphoria. Gastrointestinal: 
dry mouth, bitter taste, sialorrhea, dysphagia, bruxism, 
hiccups, abdominal pain and distress, constipation, di- 
arrhea, flatulence, burning sensation of tongue. Meta- 
bolic: weight gain or loss, edema. Integumentary: 
malignant melanoma (see also CONTRAINDICA- 
TIONS), flushing, increased sweating, dark sweat, skin 
rash, loss of hair Genitourinary: urinary retention, uri- 
nary incontinence, dark urine, priapism. Special 
Senses: diplopia, blurred vision, dilated pupils, oculo- 
gyric crises. Miscellaneous: weakness, faintness, fa- 
tigue, headache, hoarseness, malaise, hot flashes, 
sense of stimulation, bizarre breathing patterns, neuro- 
leptic malignant syndrome. 

Overdosage: Management of acute overdosage with 
SINEMET is basically the same as management of 
acute overdosage with levodopa; however, pyridoxine 
is not effective in reversing the actions of SINEMET. 
How Supplied: Tablets SINEMET 10-100, SINEMET 25- 
100, and SINEMET 25-250 are supplied in bottles of 100 
and unit dose packages of 100. 

Storage 

Tablets SINEMET 10-100 and Tablets SINEMET 25-250 
must be protected from light. 


For more detailed information, consult MSD S D 


your MSD Representative or see Pre- 
scribing Information. Merck Sharp & MERCK 
Dohme, Division of Merck & Co., Inc., SHARP: 
West Point, PA 19486 J8S129 (117) DOHME 
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Spatial Disorientation in Alzheimer’s Disease 


Victor W. Henderson, MD; Wendy Mack, PhD; Betsy White Williams, MPH 


@ Spatial disorientation was investi- 
gated in 28 ambulatory patients meeting 
the National Institute of Neurological Dis- 
orders and Stroke~Aizheimer’s Disease 
and Related Disorders Association Work 
Group criteria for “probable” Alzheimer’s 
disease. Based on caregivers’ reports, 
39% of subjects engaged in at least three 
of four behavioral measures of spatial 
disorientation three or more times a 
week; these patients did not significantly 
differ from other Alzheimer’s disease sub- 
jects with regard to age, sex, education, 
or symptom duration. Using stepwise 
regression analysis, we found that neu- 
ropsychologic measures of memory and 
visuoconstructive functions, but not dis- 
ease severity, attention, or language 
impairment, emerged as significant pre- 
dictors of spatial disorientation. In the 
setting of impaired memory, the tendency 
of some patients with Alzheimer’s disease 
to wander or to get lost may implicate 
particularly severe dysfunction of right 
hemisphere neocortical areas concerned 
with visuospatial processes. 

{Arch Neurol. 1989;46:39 1-394) 


Alzheimer’s disease (AD), the most 

prevalent cause of dementia, 
affects more than 1.5 million elderly 
Americans.! Among various behavior- 
al and cognitive changes, particularly 
burdensome to caregivers is the ten- 
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dency of some patients with AD to 
wander and to get lost.* For such 
patients, constant supervision may be 
necessary, taxing the patience of fam- 
ily members and the limited resources 
of long-term care facilities. 

Spatial disorientation in AD has 
heretofore received scant attention. 
Spatial disorientation might be con- 
sidered an inevitable consequence of 
disease progression, with victims 
tending tə wander away or to get lost 
as a function of disease severity. On 
the other hand, there is symptomatic 
variability among patients with AD, 
with some, for example, being particu- 
larly impaired in language functions 
and others having relatively severe 
visuospatial deficits*’; such neuropsy- 
chologic asymmetries are paralleled 
by cerebral metabolic asymmetries.’ 
Models of human behavior derived 
from focal-lesion studies indicate that 
the right inferior parietal lobule is 
preferentially concerned with spatial 
relations,’ and it is therefore possible 
that patients with AD who wander or 
lose their way would have particularly 
severe pathologic changes affecting 
this neocortical region. 

We have explored spatial disorien- 
tation in a well-characterized group of 
patients with AD. We hypcthesized 
that neuropsychologic measures of 
right inferior parietal lobule dysfunc- 
tion, unlike global disease severity or 
left hemisphere language functions 
also known to be impaired in AD, 
would predict behavioral measures of 
spatial disorientation. To the extent 
that memory and attention contribute 
to goal-directed behaviors, patients 
who wander or become lost might.also 
show additional deficits in these neu- 
ropsychologiec functions. 


SUBJECTS AND METHODS 
Subjects 


ary 


Twenty-elght ambulatory patients (9 x 
men, 19 women) meeting the National 7 
Institute of Neurological Disorders ‘and’: 
Stroke-Alzheimer’s Disease and Related . 
Disorders Association Work Group crite- 
ria for “probable” AD (ie, AD diagnosed 
according to strict clinical criteria but 
without pathologic confirmation’) were 
studied. (Five of these patients have subse- 
quently died, and postmortem findings 
confirmed “definite” AD" in each.) Diag- 
noses were based on detailed neurologic 
and laboratory investigations, including 
computed tomographic or magnetic reso- 
nance imaging scan, supplemented by com- 
prehensive neuropsychologic assessment. 
All patients were enrolled in the Alzheim- 
er’s Disease Research Center Consortium 
of Southern California, Los Angeles, and 
they or their caregivers had consented to 
test procedures after appropriate explana- 
tions. Demographic features are included 
in Table 1. 


Behavioral and Neuropsychologic 
Measures 


Primary caregivers were interviewed on 
the 30-item Memory and Behavior Prob- 
lems Checklist!! as to the patient’s current 
behavioral status. Four items dealt specifi- 
cally with spatial disorientation (ie, wan- 
dering, getting lost indoors, getting lost on 
familiar streets, being unable to recognize 
familiar surroundings). These behaviors 
were rated on 5-point seales, ranging from 
1 (never occurs) to 5 (occurs daily or more 
often), and a spatial disorientation index 
was computed using the sum of scored 
responses on these items. Because of the 
range of disease severity, relatively simple 
neuropsychologic measures, which could be 
completed by almost all subjects, were 
chosen. Right parietal dysfunction was 
operationally defined on the basis of visuo- 
constructive performance on line drawings 
taken from the Spatial Quantitative Bat- 
tery supplement to the Boston Diagnostic 
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Table 1.—-Description of Subjects With Alzheimer’s Disease 


Mean Range 
Age, y 76.5 54-89 
Education, y 11.8 3-19 
Symptom duration, y 6.3 2-11 
Mini-Mental State Examination 10.8 0-25 
Visuoconstructive performance * 5.4 0-15 
Blessed recall 0.3 0-5 

Digit span f 5.0 0-9 

Boston Naming Test 17.3 0-55 





* Defined by performance on line-drawing tasks derived from the Spatial Quantitative Battery of the Boston 
Diagnostic Aphasia Examination, 1? as described in the text. 
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Top, Clock, and bottom, house copies, drawn from the Spatial Quantitative Battery.'? Where a 
patient’s copy overlapped the original clock or house model, the model is included in the Figure. 
The first digit refers to a patient’s spatial disorientation index (0 to 20 [most disorientation]), and 
the second digit to dementia severity defined by the Mini-Mental State Examination score'® (0 
{most severely impaired] to 30). 
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Aphasia Examination.” Using standard 
instructions, subjects were requested to ` 
draw on a blank sheet of paper: (1) the face 
of a clock showing the numbers and the 
two hands, set to 11:10 o’clock and (2) a 
house in perspective, showing the roof and 
two sides; they were also instructed to copy 
model drawings of (8) a clock and (4) a 
house. Standard scoring’ was modified to 
permit a maximum of 5 points for each 
clock drawing (1 point each for outer form 
present, approximately circular face, sym- 
metry of number placement, correctness of 
numbers, and correct time): and 4 points 
for each house drawing (1 point each for 
outer form, roof present, two sides present, 
and accuracy of perspective). Long-term 
declarative memory was defined on the 
basis of delayed recall for the 5-item 
address from the Information-Memory- 
Concentration Test of Blessed et al”? (0 to 5 
points). Our measure of attention was a 
mental tracking task: digits forward and 
backward from the Wechsler Adult Intelli- 
gence Scale-Revised" (0 to 14 points). Lan- 
guage performance was defined on the 
basis of spontaneous naming scores on a 
confrontation naming task (Boston Nam- 
ing Test, 0 to 60 points). Dementia sever- 
ity was defined by Mini-Mental State 
Examination" scores (0 to 30 points). 


Statistical Analysis 


To determine the influence of measured 
neuropsycnologic variables on specified 
spatial disorientation behaviors, stepwise 
regression procedures were performed” 
using the spatial disorientation index as 
the dependent variable. Scores on the 
visuoconstructive task, Blessed recall, digit 
span, Boston Naming Test, and Mini-Men- 
tal State Examination were used as poten- 
tially predictive independent variables. 
Variables were entered and removed with 
minimum F-to-enter -criteria of 4.00 and 
F-to-remove criteria of 3.90. Because of the 
high correlations between independent 
variables, a minimum tolerance criterion 
of .90 was used to ensure that parameter 
estimates of entering variables would not 
suffer from multicollinearity effects. For 
purposes of regression analyses, square 
root transformations were taken of the 
spatial disorientation index and scores on 
the clock-house visuoconstructive tasks, 
the Blessed recall task, the Boston Naming 
Test, and the Mini-Mental State Examina- 
tion. 


RESULTS 


Eleven (89%) of 28 subjects with 
AD engaged in at least three of the 
four specified behaviors three or more 
times per week. These patients did not 
differ from other subjects with regard 
to age (t= 1.23; P> .05), education 
(t = 0.46; P > .05), duration of symp- 
toms {=1.85; P> .05), or sex 
(P = 1.00, Fisher’s Exact test). Test 
scores for the entire sample are sum- 
marized in Table 1. The Figure illus- 
trates subjects’ visuoconstructive per- 
formance on the two copy tasks. 

Each of the five independent vari- 
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ables yielded moderate simple corre- 
lations with the spatial disorientation 
index and low to high correlations 
with each other (Table 2). When inde- 
pendent variables were allowed to 
enter the regression equation in a 
stepwise manner, Blessed recall and 
visuoconstructive performance en- 
tered as significant.predictors of spa- 
tial disorientation (final model, 
F{2,25] = 8.56; P < .0025). After ad- 
justing for the presence of these two 
variables in the equation, partial cor- 
relations of Boston Naming Test, 
Mini-Mental State Examination, and 
digit span scores were not significant 
(F-to-enter = 0.10, 0.71, and 2.09, 
respectively). Blessed recall emerged 
as the stronger significant predictor 
of spatial disorientation (standard- 
ized regression coefficients of —.498 
for recall and —.315 for visuoconstruc- 
tive performance). Blessed recall and 
visuoconstructive performance con- 
sidered simultaneously in the regres- 
sion equation explained a total of 41% 
of the variance in the spatial disorien- 
tation index (Table 3). 


COMMENT 


Wandering or getting lost is of 
great importance to family members 
of patients with AD. A caregiver’s 
momentary lapse might be disastrous 
if an unsupervised patient were to 
wander from the house or disappear 
while on an outing. In health care 


facilities the wandering patient too 
often must be physically or pharmaco- 
logically restrained, actions with dele- 
terious consequences. Spatial disori- 
entation in patients with AD has oth- 
er implications as well; in one study‘ 


most AD patients with hip fractures 


were wanderers. | 

Our results support the hypothesis 
that spatial disorientation in patients 
with AD, as reported by caregivers, is 
associated with neuropsychologic 
measures of right inferior parietal 
dysfunction, but findings also indicate 
a major role for memory impairment. 
It is important to note that lesions in 
several left or right hemisphere brain 
regions could influence visucconstruc- 
tive performance.'* However, con- 
structional impairments are particu- 
larly severe when posterior right 
hemisphere damage includes the infe- 
rior parietal lobule.: Among normal 
subjects and those with AD, reduced 
metabolic activity in posterior right 
hemisphere association areas corre- 
lates significantly with visuoconstruc- 
tive disturbances,” and, conversely, 
impaired confrontation naming per- 
formance in AD is significartly asso- 
ciated with left hemispheric hypome- 
tabolism.'® Thus, poor visuoconstruc- 
tive performamce by our patients 
with AD strongly implicates posterior 
right hemispheric dysfunction. Pre- 
sumably, such neuropsychologic and 
physiologic asymmetries in turn 


Table 2.—Correlation Matrix of Dependent and Independent Variables 


Spatial 
Disorientation 
index 


Spatial disorientation index 
Clock / house 

Boston Naming Test 
Mini-Mental State 


Digit span —9.21 


Clock/ 
House 


0.76t 
0.73t 


Boston Mini- 
Naming Mental 
Test State 


Blessed 
Recall 


Digit 
Span 


0.87+ 1.0 
0.73f 0.824 1.0 





Blessed recall ~—0.564 0.193 0.27 0.37 0.26 1.0 


*P< .05. 
+P < 001. 
+P < 002. 


Partial Correlation 
After Stepwise 
Regrassion 


Variable 
Memory, Blessed recall 
Visuoconstruction, 


—0.54 


a * 


Table 3.—Results of Stepwise Regress on Analysis 


F-to-Enter 
Step Entered at Step 


4 11.75 


reflect underlying regional and hemi- 
spheric asymmetries in the distribu- 
tion of characteristic AD histopatho- 
logic changes.?"*4 

Our findings cannot be attributed 
to global cognitive deterioration, as 
most subjects with AD did not fre- 
quently engage in specified behaviors, 
and dementia severity did not predict 
spatial disorientation when perfor- 
mance on other tests was considered. 
In later stages of AD, confusion may 
be prominent, but when other vari- 
ables were considered, our attentional 
measure also failed to predict caregiv- 
ers’ reports of spatial disorientation. 
Similarly, naming performance, our 
measure of left cerebral hemisphere 
language dysfunction, did not predict 
spatial disorientation in the regres- 
sion analysis. Although wandering 
occasionally occurs with parietal inju- 
ry,” wandering or getting lost is 
unusual among focal-lesion patients 
with constructional deficits, and addi- 
tional neuropsychologie impairments 
are therefore implicated in the gene- 
sis of these behaviors. It is thus not . 
surprising that we also found poor 
performance on our memory task to 
predict spatial disorientation. As spa- 
tial disorientation is not reported in 
association with discrete disturbances 
in long-term memory, we propose that 
it is the combination of these two . 
neuropsychologic deficits that proved 
crucial. These results must be consid- 
ered cautiously, however, as high cor- 
relations between our independent 
variables may have affected which 
variables were selected in the step- 
wise analysis; a somewhat different 
pattern of correlations between neu- 
ropsychologic measures and the spa- 
tial disorientation index may have 
yielded different results. A larger 
sample size would increase stability in 
regression parameter estimation, and 
it is also possible that future studies 
might unveil additional contributory 
factors other than those that we have 
investigated. 

De Leon et aP reported that wan- 


Total Variance 
Explained After 
Entry, % 


31.1 ~0.526 


Final Regression 
Coefficients 





clock/house drawings 
Attention, digit span 


Language, Boston 
Naming Test 


Global severity, 
Mini-Mental State 
Examination 
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dering in patients with AD better 
correlates with certain parietal signs 
than global disease severity, but their 
psychometric battery pooled items 
predictive of left as well as right 
inferior parietal impairment, togeth- 


er with sensory signs indicative of . 


postcentral gyrus damage. Our study 
extends their findings, suggesting 
that focal dysfunction implicating the 
right inferior parietal lobule, in the 
setting of memory impairment, may 
be a primary determinant of spatial 
disorientation in patients with AD. 
Our data should not imply that deci- 
sions concerning institutionalization, 
limitation of activities, or sedation 
should be based on neuropsychologic 
evidence for memory and visuocon- 
structive dysfunction. Nevertheless, 
for AD patients with particularly 
severe impairments on such tasks, 
special vigilance might be prudent. 
Appropriate emphasis could then be 
placed on family counseling, oceupa- 


tional therapy, and other TECN ʻi 


interventions. 


This study was supported in part by Alzheim- 
er's Disease Research Center (Los Angeles, Calif) 
grant P50-AG05142 from the National Institute 
for Aging, Bethesda, Md.. 

We thank the Alzheimer’s Disease Research 
Center Clinical Core personnel for their help in 
various aspects of this research, and we are 
particularly grateful to our subjects at the Alz- 
heimer’s Disease Research Center and their fam- 
ilies. ' 
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A Neurosurgical Symposium/Hands- On Workshop ` 


(NEURO 700)* 


(Plastic, ENT; Craniofacial and Maxillofacial 
surgeons may attend me conference) 


_Course-Directors: | 
on A Awad, M. D.; Robert Murray, Ph.D.; ean Mitchell, Ed.D. 


SYMPOSIUM FORMAT 


WORKSHOPS: the Midas Rex Hands- On Workshops will be 


held each day from 7:30 am to 1:30 pm. The workshop will em- - 
§ phasize a series of hands-on exercises, utilizing appropriate 


animal bones, skeletal bones, bloplastics and ‘blome als for 
dissection in the cranium and spine. Methylmethacrylate and 
blometals, as they are related to neurosurgery will also be 
considered. Guest lecturers will present clinical aspacts of 
spinal and cranial procedures.and video tapes of clinic al pro- 

cedures will be available. 


` COURSE LOCATION AND ACCOMMODATIONS: The Clinic 
Center Hotel, 2065 East 96th Street, Cleveland, OH 44106. | 


Phone: 800-321 -7100 or 800 -362-8608 (In Ohio). 


ENROLLMENT: Fee (US$): ‘Surgeon $965.00; Resident $585.00 


(with letter from Department Head); All Operating Room Per- 
sonnel (RN/ORT/PA/Other) $250.00. Make check to “Cleveland 
Symposium. Mail to: Midas Rex Institute,.2929 Race Street, 


$ CREDITS: C.M. E. credit available. 


Fort Worth, Texas 76111. Phone: 800-433-7639 or 817-831-2604. 


*There will be simultaneous Orthopaedic (Ortho 700)-and Operating Room Personnel (ORP 700) Symposia at the: same time in 


i The eiim of Neurology of 
Loyola University of Chicago Stritch 


School of Medicine invites applica- 
tions for a position at the Assistant 
Professor level. Applicants should 
be board eligible or board certified 
in Neurology and should have sub- 
specialty expertise in clinical neu- 
rophysiology or cerebrovascular 
diseases. Preference will be given 
to candidates with interest in clini- 
cal research. Loyola University is 
ari equal opportunity affirmative 
action employer. Interested appli- 
cants should send a curriculum 
vitae to: 


G. G. Celesia, M.D., Chairman 
Department of Neurology 
Loyola University of Chicago 
2160 S. First Avenue 

_ Chicago; IL 60153 


| Char = 
Department of Neurology - 


The University of Califorriia, Davis 


School of Medicine is. recruiting for a 
Chair for zhe Department of Neurology. 


The appontment will be made at the 
associate, full professor level. Candi- 
dates must be Board Certified in Neurol- 
ogy, eligille for licensure in California 
and have a strong background in admin- 


istration, seaching and research. Please. -| — 
curriculum vitae, a letter 


forward = 
outlining Jackground ‘and experience 
and the rames and addresses of five 
references to: 


Richa-d A. Chole; M.D., Ph.D. 
Profe-sor and Chairman 
Depamtment of Otolaryngology 


2500 Stockton Boulevard. . 
E Sacramento, California 95817 


The application deadline i is Í hine 1989. | 


The Univesity of, California is an Equal 
Opportunit 7/Affirmative Action Employ- 
er and ewcourages applications from 


members of. asl groups ‘and 


women. 





separate rooms. 


-4 Join the more than 7,100 enrollées who have completad Midas Rex maian On Workshops. (3,650 Orthopaedic Surgeons; 1,450 


Neurosurgeons; 2,050 OR Personnel) 


KALAMAZ00 
_ NEUROLOGICAL INSTITUTE 


FELLOWSHIP IN 
NEUROIMAGING 
COMMENCING 

JULY 1, 1989 - 


A one year neuroimaging: fellowship is being 
Offered in an established Magnetic Resonance 
Imaging Center at the Kalamazoo Neurological 
Institute. The center operates a 1.5 Tesla ` 
system and a fourth generation CT scanner, 
The fellowship will emphasize magnetic reso- 
nance imaging, and CT scanning of the brain 
and spine disorders. 


The Kalamazoo Neurological institute i is affiliat- 
ed with Borgess Medical Center, a 450 bed . 
tertiary care facility with very active neurology 
and neurosurgery departments. 


Eligibility: The Fellowship is open to individuals 
who have successfully completed an accred- 
ited residency in Neurology or Neurosurgery. 


Application: Send curriculum vitae and two 
references to: 


llydio Polachini, Jr., M.D. 
Neuroimaging Program Director 
Kalamazoo Neurological Institute 
1700 Gull Road l 
Kalamazoo, Michigan 49001 _ 


. Equal Opportunity Employer 
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small bones, large -bones, spines, -joint L E 
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There is only one organization dedicated solely to fighting Together we will 
amyotrophic lateral sclerosis. The ALS Association. find the answer. 
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; , The ALS Association 
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to serve as the national ALS information center 
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Brain Gangliosides in Dementia 
of the Alzheimer Type 


Peter B. Crino; M. David Ullman, PhD; Brent A. Vogt, PhD; 
Edward D. Bird, MD; Ladislav Volicer, MD, PhD 


è Gangliosides GM,, GD,,, GD,,, and 
GT, were measured in nine brain regions 
of five patients, clinically and neuropatho- 
logically diagnosed as having dementia of 
the Alzheimer type (DAT), and of three 
control patients. Analysis of variance 
revealed that mean concentrations of all 
gangliosides analyzed were significantly 
lower in DAT than in contro! brains. The 
areas affected in DAT included the nucle- 
us basalis, and entorhinal, posterior cin- 
gulate, visual, and prefrontal cortices. A 
significant interaction between ganglio- 
side type and brain area indicated unequal 
ganglioside concentrations. Individual 
gangliosides had significantly different 
concentrations in the hippocampal, entor- 
hinal, posterior cingulate, visual, and pre- 
frontal cortices. Analysis of ratios of ‘‘a’’- 
ganglioside (GM, and GD,,) and “‘b’’-gan- 
glioside (GD, and GT,,) subtypes indi- 
cated that DAT preferentially affected 
“‘b”-gangliosides. Ganglioside concentra- 
tions in nucleus basalis did not correlate 
with age at disease onset, age at death, or 
postmortem interval. Changes in ganglio- 
sides, observed in this study, were not cor- 
related with classic DAT neuropathology. 

(Arch Neurol. 1989;46:398:401) 
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[)ementia of the Alzheimer type 
(DAT) is a progressive neurode- 
generative disorder characterized by 
profound decline in cognitive func- 
tion. Definitive diagnosis requires 
neuropathologic verification of clini- 
cal findings: Histologic changes 
include the presence of neuritic 
plaques, neurofibrillary tangles, and 
reactive gliosis as well as neuronal 
cell loss in specific brain regions such 
as hippocampus, nucleus basalis, and 
some neocortical areas.' Neurochemi- 
cal changes indicate involvement of 
several neurotransmitter systems in 
DAT. Involvement of the serotoniner- 
gic system is indicated by the pres- 
ence of neurofibrillary tangles in the 
raphe nuclei,’ by impairment of sero- 
tonin (5-HT) uptake* and depolariza- 
tion-induced release’ in DAT brain 
tissue obtained by biopsy, by reduced 
levels of 5-HT and 5-hydroxyindolea- 
cetic acid in DAT brains,*® and by 
decreased 5-HT, receptors.’ 
Gangliosides play an important role 
in the function of the serotoninergic 
system. They potentiate binding of 
5-HT to its binding protein, and 
long-term administration of GM, gan- 
glioside was reported to increase 5- 
HT, receptor binding. Thus, abnor- 
mal serotoninergic function, observed 
in DAT, could be mediated by changes 
of ganglioside concentrations. In addi- 
tion, there is recent immunohisto- 
chemical evidence that some ganglio- 
sides may be associated with neurofi- 
brillary tangles.” Gangliosides are 
found in normal neuronal cell mem- 
branes” and have been implicated in 
cell-cell recognition, receptor modula- 
tion, and central nervous system 
regeneration. It appears that vari- 
ous gangliosides are enriched in spe- 


cific cell types.’ An extensive topo- 
graphic analysis of gangliosides from 
more than 40 regions in the adult 
human brain revealed great heteroge- 
neity in concentrations across brain 
areas, with consistent homogeneity 
within the same regions." In light of 
their localization in the central ner- 
vous system and the selective nerve 
cell degeneration in DAT, changes in 
regional distribution of brain ganglio- 
sides would be expected. Therefore, we 
have measured gangliosides from nine 
brain regions of five clinically and 
neuropathologically diagnosed pa- 


. tients with DAT and from three con- 


trol patients in an effort to demon- 
strate the effects of DAT on brain 
ganglioside concentrations. 


MATERIALS AND METHODS 


The clinical diagnosis of DAT was 
assessed by a neurologist or neuropsycho- 
logist and included mental status examina- 
tion, Mini-Mental Test, and the Blessed 
Dementia Scale. A full medical evaluation 
of each patient was performed to rule out 
metabolic causes of dementia. 


Brain Tissue 


Brains were obtained from the McLean 
Hospital Tissue Resource Center, Belmont, 
Mass. Ages at death of patients with DAT 
ranged from 56 to 78 years old (X = 71.2); 
four were men and one was a woman 
(Table 1). Brains removed at autopsy were 
divided mid-sagittally; half was frozen for 
subsequent dissection and neurochemical 
analysis and the other half was fixed in 
formaldehyde solution for histologic exam- 
ination. The left hemisphere was obtained 
for analysis in three cases and the right 
hemisphere was obtained in two cases. 
Postmortem interval (time of death to 
placement in —20°C) varied from 3 to 25 
hours (X = 14.0) and the brains were sub- 
sequently frozen at —70°C. The clinical 
diagnosis of DAT was made by a neurolo- 
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*NA indicates not applicable. 


gist according to the Diagnostic and Statis- 
tical Manual of Mental Disorders, ed 3, and 
National Institute of Neurological Disor- 
ders and Stroke-Alzheimer’s Disease and 
Related Disorders Association criteria.” A 
full medical workup ruled out metabolic 
causes of dementia. The diagnosis of DAT 
was confirmed histologically by the pres- 
ence of numerous plaques and tangles in 
the cerebral cortex, hippocampus, and 
nucleus basalis. Cases with moderate to 
severe vascular changes were excluded. 
The control patients ranged from 63 to 76 
years old (X = 68.0) and all died of non- 
neurologic or nonpsychiatric causes (pneu- 
monia, two; myocardial infarction, one). 
None were clinically demented or dis- 
played DAT pathologic changes (Table 1). 
Frozen brains, stored at —70°C, were 
partially thawed to —20°C to help in dis- 
section. One-centimeter-thick coronal sec- 
tions were cut on a table chilled to —10°C. 
Nine regions were removed by dissection: 
motor cortex (Brodmann’s area 4), parietal 
cortex (area 7), prefrontal cortex (area 10), 
visual cortex (area 17), posterior cingulate 
cortex (area 23), anterior cingulate cortex 
{area 24), entorhinal cortex (area 28), hip- 
pocampus, and nucleus basalis. Tissue was 
immediately refrozen to —70°C. 


Isolation and Quantification of Brain 
Gangliosides 


Gangliosides GM,, GD,,, GD,,, and GTa 
were isolated in duplicate by solvent parti- 
tion’? and reversed phase chromatogra- 
phy. Recoveries were monitored with 
labeled PHIGM, ganglioside. Isolated gan- 
gliosides were quantified by high perfor- 
mance liquid chromatography of their per- 
benzoylated derivatives.” 

Tissue from specific brain regions (50 to 
100 mg wet weight) was homogenized in 1 
mL of ice-cold deionized water. An 800-uL 
aliquot was removed to which 10 uL 
CHIGM, was added along with 200 uL of 
water and 19 mL of chloroform:methanol 
(C:M) in a ratio of 2:1 vol/vol. The remain- 
ing 200 nL of homogenate was retained for 
protein determination by the method of 
Lowry et al.” 

After sonication on ice and agitation for 
5 minutes each, the mixture was centri- 
fuged for 15 minutes at 990 X g. The super- 
natant was filtered through a sintered 
glass funnel and collected along with 1 mL 
of C:M 2:1 funnel rinse. Eight milliliters of 
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Table 1.—Patients’ Characteristics * 


Case Age at Postmortem Hemisphere Age at 

Group No. Death, y Interval, h Sex ‘Analyzed Onset, y 
Dementia of 1 75 M R l 71 
Alzheimer 2 77 M R` 69 
type 3 56 F L 49 
4 78 M L 69 
5 73 M L 66 
Control 6 63 M R NA 
7 F L NA 
M R NA 


C:M 1:2 vol/vol were added to the pellet, 
which was shaken and then sonicated 
for 5 minutes. This suspension was 
poured through the same sintered funnel 
and was combined with the original super- 
natant. 

Ten milliliters of chloroform and 9 mL of 
0.1 mol/L of potassium chloride were 
added to the collected fraction, shaken, and 
then centrifuged for 5 minutes at 990 X g. 
The mixture separated into an upper aque- 
ous phase that was retained and a lower 
organic phase to which 17 mL of Theoreti- 
cal Upper Phase (C:M:0.1 mol/L of potassi- 
um chloride, 3:47:48 vol/vol) was added and 
then centrifuged for 5 minutes at 990 X g. 
The upper phase was retained and 17 mL 
Theoretical Upper Phase was combined 
with the lower phase. This was centrifuged 
and separated a third time, again collect- 
ing and combining the upper phases. 

The collected upper phase that contained 
the isolated gangliosides was passed twice 
by suction over a reversed-phase sample 
preparation cartridge (C18-Bond Elut, 
Analytichem International, Harbor City, 
Calif) that was prewashed consecutively 
with 5 mL cf methanol, 10 mL of chloro- 
form, 5 mL of methanol, and 5 mL of 
Theoretical Upper Phase. The gangliosides 
from the upper phase solution were eluted 
from the cartridge with 4 mL of methanol 
and 2 mL of C:M 2:1. Dried under nitrogen, 
the gangliosides were solubilized in 1 mL 
of C:M 1:1 vol/vol. A 200-uL aliquot was 
taken, dried under nitrogen, and desiccated 
for 16 hours. 

The dry isolated gangliosides were per- 
benzoylated in 13 X 100 mm tubes at 45°C 
for 24 hours în 100 uL of the mixture 5% 
benzoyl chloride and 25% toluene in pyri- 
dine. Perbenzoylated gangliosides were 
dried under nitrogen, dissolved in 0.9 mL of 
methanol, and passed twice by suction over 
a C18 cartridge. The tube was rinsed with 
an additional 0.9 mL of methanol and the 
rinse solvent was transferred to the sam- 
ple preparation cartridge. The eluants, col- 
lected and combined, were then passed 
through the cartridge again. The cartridge 
was rinsed with 4 mL of methanol and the 
gangliosides were eluted with 4 mL of 
methanol:benzene 8:2 vol/vol. The ex- 
tracted perbenzoylated gangliosides were 
dried under nitrogen and dissolved in 200 
uL of calcium chloride. Ten to 100 „L 
aliquots were injected and quantified by 


their ultraviolet absorption at 230 nm via 
high-performance liquid chromatography. 
All ganglioside extractions were per- 
formed in duplicate with little variation 
between isolated samples. Losses during 
the extraction procedure were accounted 
for by the use of high specific activity 
PH]GM, ganglioside to monitor recovery. 


Data Analysis 


Concentrations (nanomoles of ganglio- 
side per milligram of protein) for each of 
the four major gangliosides were caleu- 
lated. Results were subjected to analysis of 
variance. Independent variables were diag- 
nosis, type of ganglioside, and brain area. 
Significance of differences of a:b ratios 


. from 1 were determined by calculating 


confidence interval for each ratio. Rela- 
tionships between clinical variables and 
ganglioside concentrations in the nucleus 
basalis were analyzed by Pearson’s corre- 
lation. : 


Chemicals 


Glass-distilled high-performance liquid 
chromatography grade solvents (Fisher 
Scientific, Fairlawn, NJ} were used and 
degassed under reduced pressure. Pyridine 
and toluene for the perbenzoylation reac- 
tions were dried over 4-A molecular sieves 
for at least 1 day prior to use. Benzoyl 
chloride (Eastman Kodak, Rochester, NY) 
was used directly from the bottle with 
minimum exposure to atmospheric mois- 
ture. PH]GM, ganglioside (specific activity, 
Ci/mmol} was purchased from New 
England Nuclear, Boston, Mass. 


RESULTS 


Individual gangliosides in each 
brain area were analyzed by a two- 
way analysis of variance (Table 2). 
This analysis showed that five of nine 
areas exhibited unequal concentra- 
tions of the gangliosides measured in 
this study. These areas were hippo- 
campal, entorhinal, posterior cingu- 
late, visual, and prefrontal cortices. 
Three-way analysis of variance indi- 
cated that there was an interaction 
between diagnosis and brain area 
(f=1.78; P= .08) suggesting that 
DAT might differentially affect gan- 
gliosides in different brain areas. 
Ganglioside concentrations were sig- 
nificantly decreased by the disease 
process in five of the nine areas: 
nucleus basalis and entorhinal, poste- 
rior cingulate, visual, and parietal 
cortices (Table 2). In none of the areas 
was there a significant interaction 
between individual ganglioside con- 
centrations and diagnosis, indicating 
that DAT led to a decrease of all 
measured gangliosides. 

To estimate the preponderance of 
“a” pathway- and “b” pathway-gan- 
glioside subtypes the ratio of “a’- 
gangliosides (GM, and GD,,) to “b”- 
gangliosides (GD,, and GT,,) was cal- 
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Table 2.—Effect of Dementia of Alzheimer Type (DAT) on Ganglioside Content * 


Diagnosis l 


Control 


Analysis of Variance 
pannorna aannam 
Ganglioside Diagnosis 





* Numbers are means (nanomoles of ganglioside per milligram of protein) + SD based on three controls and five cases of DAT. HIF indicates hippocampus; NB, nucleus 


basalis. 
tBrodmann'"s areas. 


Table 3.—Ratios of ‘a’ and ‘b' Gangliosides * 


Diagnosis 


i tite, 


DAT 


HIP 1.31 + 0.03ł 4.21 + 0.79 1.25 + 0.20ł 
NB 0.85 + 0.11f 1.51 + 0.75 t.26 + 0.67 


28§ 1.20 + 0.07T 
4 


2 0.94 + 0.02ł 1.95 + 2.34 1.61 + 1.88 


2 0.74 + 0.05ł 


1.18 + 0.29 1.18 + 0.23¢ 


0.89 + 0.12ł 0.83 + 0.12t 


17 0.66 + 0.08ł 0.91 + 0.19 0.80 + 0.19t 


1 0.71 + 0.23 


9.98 + 0.70 


0.95 + 0.26 -~ 0.88 + 0.26 


1.16 + 0.28 1.10 + 0.39 





o 
7 0.63 + 0.13ł 1.08 + 0.24 0.93 + 0.30 
4 


* Numbers are means of ratios (GM; + GDy,_,/GDi4 + GT,) + SD based on three controls and five cases of 
dementia of the Alzheimer type (DAT). HIP indicates hippocampus; NB, nucieus basalis. 


tF < .01 compared to 1. 
+P < .06. 
§Brodmann’s areas. 


culated (Table 3). The mean a:b ratio 
was lower in controls than in brains 
from patients with DAT (0.88 + 0.06 
vs 1.21 + 0.18; f = 3.52; P = .065) indi- 
cating that DAT leads to preferential 
decrease of “b’-gangliosides. Analysis 
of individual ratios indicated that in 
control brains the a:b ratios were sig- 
nificantly different from 1 in all areas 
except for the motor cortex. The ratios 
were higher than 1 in the hippocam- 
pus and entorhinal cortex, and lower 
than 1 in all other areas. Due to larger 
variability, the only ratio significant- 
ly different from 1 in brains from 
‘patients with DAT was that in the 
posterior cingulate cortex, which was 
lower than 1. 

Neither ganglioside contents nor 
a:b ratio in any brain region of 
patients with DAT correlated with 
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estimated age at disease onset (r = .48 
to .56; P=.16 to .20), age at death 
(r= .29 to .88; P=.26 to .31), nor 
postmortem interval (r= .45 to .68; 
P= 10 to .22). The relationship 
between total ganglioside content 
and neuropathological severity of the 
disease could not be determined 
because all brains from patients with 
DAT had pronounced deposition of 
plaques and tangles. Thus, ganglioside 
concentrations in DAT seem to be 
independent of such variables as 
presenile vs senile diagnostic sub- 
types, normal aging, or postmortem 
tissue changes. 


COMMENT 


Pathologic changes in the brains of 
patients with DAT are characterized 
by two processes occurring in several 


brain areas. The first process is 
decreased number of nerve cells and 
the second process is appearance of 
abnormal structures, namely neurofi- 
brillary tangles and neuritic plaques.” 
In this study we have found lower 
ganglioside concentrations in brains 
of patients with DAT than in control 
brains. Since gangliosides are found 
in neuronal membranes,” this differ- 
ence could be due to cell loss induced 
by DAT. However, localization of 
decreased ganglioside concentrations 
(on a milligram of protein basis) and 
cell loss did not always coincide. For 
example, no change in ganglioside 
concentration was observed in the 
hippocampus and anterior cingulate 
cortex, although both of these areas 
exhibit cell loss in DAT.” One expla- 
nation is that cell loss may be exten- 
sive in DAT and since we are measur- 
ing gangliosides as nanomoles per mil- 
ligram of protein, an absolute decrease 
in ganglioside concentration may be 
obscured by a relative decrease in total 
cellular protein and thus, the ratio of 
gangliosides to protein would remain 
unchanged. In contrast, decreased 
ganglioside concentration was ob- 
served in primary visual cortex, where 
cell density is not affected by DAT 
until late in the disease.” However, 
decreased myelin staining was ob- 
served in this region,” which may 
reflect neuronal dysfunction resulting 
in changes of ganglioside concentra- 
tions. Thus, the relationship between 
cell loss induced by DAT and changes 
in ganglioside concentrations should 
be further investigated. 
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Recent work has demonstrated the 
possible occurrence of gangliosides in 
neurofibrillary tangles by labeling the 
tangles with antiganglioside antibody 
A.B..'' Hence, with a significant depo- 
sition of tangles it would be reason- 
able to suggest that overall ganglio- 
side concentrations are higher in 
brains from patients with DAT, which 
is contrary to our findings. This con- 
tradiction could reflect the possible 
lack of specificity of the A,B, antibody 
or a specific subtype of ganglioside 
being present in neurofibrillary tan- 
gles. The A,B, antibody is most specif- 
ic for gangliosides Ga. or Gy,” and 
these were not analyzed in our study. 
Monoclonal antibody C3 (that recog- 
nizes GM,) failed to label neurofibril- 
lary tangles." Therefore, presence of 
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A.B.-labeled tangles might not reflect 
the concentrations of gangliosides 
measured in this study. Finally, 
despite considerable neurofibrillary 
tangle deposition in DAT brain, the 
ratio of tangles to neurons is still 
relatively low and, therefore, de- 
creases in gangliosides due to cell loss 
might be masked by the presence of 
tangles. 

Unequal concentrations of the four 
gangliosides were found in five brain 
cortical areas. This differential distri- 
bution was most likely due to differ- 
ences between “a”- and “b’-ganglio- 
side subtypes because the a:b ratios 
were significantly different from 1 in 
all of these areas in control brains. 
Regional heterogeneity of this ratio 
was similar to that reported by Kra- 
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Although DAT did not change the 
ganglioside concentrations selective- 
ly, there was some indication that the 
overall decrease of ganglioside con- 
centrations observed in brains from 
patients with DAT was due predomi- 
nantly to the loss of “b” gangliosides, 
resulting in a:b ratio increase. If this 
is a reflection of a selective neuronal 
loss, it would have to be further inves- 
tigated by quantifying regional and 
laminar alterations in both specific 
cell types and ganglioside concentra- 
tions in DAT. 
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Rippling Muscle Disease 


Kenneth Ricker, MD; Richard T. Moxley, MD; Reinhard Rohkamm, MD 


è Six patients from two families with 
an autosomal dominantly inherited dis- 
ease, apparently a myopathy, are de- 
scribed. Their major complaint was mus- 
cle stiffness, primarily in the legs. The 
muscles displayed an unusual sensitivity 
to stretch, manifested by rippling waves 
of muscle contraction. These rippling 
contractions were not accompanied by 
muscle fiber action potentials. Nonspe- 
cific, mild abnormalities were seen on 
muscle biopsy. These findings raise the 
possibility that there is an intracellular 
derangement in the muscle fiber respon- 
sible for the muscle rippling; further 
studies are necessary to establish the 
underlying pathophysiologic condition. 

(Arch Neurol 1989;46:405-408) 


n 1975 Torbergsen' described an 

autosomal dominantly inherited 
muscle disease that had not been pre- 
viously reported. The patients com- 
plained of muscle stiffness, especially 
after periods of rest, and after a 
strong muscular contraction, these 
patients observed peculiar rippling 
movements in the same muscle when 
it was stretched abruptly. A mound- 
ing up of a part of a muscle would 
occur following muscle percussion. 
These findings suggested the possibil- 
ity of myotonia. However, electromyo- 
graphic examinations of the patients 
revealed no evidence of myotonia or 
other diagnostic abnormalities. We 
describe two other families with this 
interesting disease and confirm the 
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idea that the symptoms represent a 
new type of muscle pathophysiology 
that requires further analysis. 


REPORT OF CASES 
Family A 


A father and his two sons were affected 
(Table). To emphasize the clinical features 
of this disease, a description of the younger 
son is given in detail. 

PATIENT A-1.—This 28-year-old man 
came for neurologic evaluation complain- 
ing of stiffness in his leg muscles that was 
particularly apparent with exercise follow- 
ing a period of rest. He had observed 
rippling movements in his thigh muscles in 
these circumstances. He recalled that 
almost routinely at the onset of a match of 
table tennis, when he suddenly moved into 
a crouched position, he experienced a pain- 
ful sensation in his thighs, as if the muscle 
was tearing. After a period of warm-up 
exercise this type of stiffness no longer 
occurred. He noted on occasion that after 
yawning and stretching his arms, for a 
brief period he was unable to close his 
mouth or flex his elbows. Infrequently, he 
experienced similar symptoms in the glu- 
teal, neck, and pectoral muscles. He stated 
that these symptoms had appeared over 
the past few years; however, he admitted 
that both he and his brother had always 
come in last in running races throughout 
their schooling. He also reported that both 
of them avoided boxing or playful games of 
punching each other in the arms during 
childhood because the portion of the mus- 
cle that was struck would form a tender 
mound that remained quite painful for 
several minutes. At age 18 years he had 
right hip surgery to correct a congenital 
abnormality of the joint. 

On examination, the patient was a well- 
developed man with no evidence of muscu- 
lar atrophy. There was obvious enlarge- 
ment of the calf muscles, slightly more 
pronounced on the left than the right. Due 
to mild Achilles tendon contractures he 
was unable to dorsiflex his feet to a normal 
degree. There were no fasciculations. Ten- 
don reflexes were normal. Plantar re- 
sponses were normal. Fine motor control 
and muscle strength were normal. The 


most impressive clinical finding was the 
appearance of rippling movements in cer- 
tain muscle groups that developed with a 
sudden stretch following strong muscular 
contraction. This happened, for example, if 
the patient extended his knee forcefully for 
several seconds and then flexed it abrupt- 
ly. Immediately thereafter, a rippling con- 
traction of the quadriceps muscle occurred 
for two or three seconds. Sometimes the 
ripple would begin in the superior-lateral 
portion of the muscle and spread inferior- 
ly-medially across the muscle in a wavelike 
appearance. Occasionally, the ripple would 
go back and forth. Once the first wave 
disappeared, immediately thereafter, a 
second wave might start from another 
location, for instance, from a more lateral 
or medial location than the initial starting 
point. Often the length of the wave (proxi- 
mal-distal) as it moved, for instance, from 
lateral to medial, was limited to one half or 
three quarters of the entire length of the 
quadriceps muscle (Fig 1). This phenome- 
non sometimes repeated two or three 
times. Subsequent attempts to provoke the 
rippling movements failed. Following ten 
or more minutes of rest, the phenomenon 
could again be elicited. During the muscle 
rippling there was no pain, only a sensa- 
tion of stiffness. However, if the examiner 
attempted to flex the knee completely at 
the time of muscle rippling in the quadri- 
ceps, there was a varying resistance to this 
movement and the patient complained of a 
feeling that the muscle was about to tear. 
This phenomenon of muscle rippling was 
most apparent in the quadriceps femoris 
and gastrocnemius muscles, but it was also 
noticeable in the biceps, triceps, and del- 
toid muscles. 

There was no lid lag or grip myotonia. 
Following percussion of the thenar emi- 
nence, there was prolonged adduction of 
the thumb, as can be seen in myotonia. 
However, unlike the response in myotonia, 
percussion of any muscle produced a pro- 
nounced local mounding (Fig 2). The 
mounding lasted several seconds and was 
painful during this time. After the mound 
disappeared the muscle seemed to have a 
normal shape while at rest. However, if the 
patient contracted the muscle that was 
percussed, there was a prominent painless 
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indentation, precisely in the area struck by 
the hammer, that remained for a few 
minutes. 

Results of examination of the cranial 
nerves, cerebellar function, and sensation 
were all normal. 

PATIENT A-2.—The older brother of 
patient A-1 complained primarily of stiff- 
ness in his legs in the morning and similar 
stiffness following periods of rest at differ- 
ent times throughout the day. He recalled 
that after riding a bicycle a few hundred 
meters, his thigh muscles felt tense and 
stiff, but this sensation gradually disap- 
peared over a few minutes as he pedaled at 
a somewhat slower rate. His strength was 
normal and he had no calf hypertrophy. 

PATIENT A-3.—The father of patients A-1 
and A-2 had somewhat milder symptoms. 
He recalled that as a soldier he experi- 
enced occasional stiffness in his legs, but 
not in his arms. Throughout his life he had 
always had difficulty running fast, but 
unlike his sons he could not recall having 
painful mounding of his muscles. On exam- 
ination there was no evidence of muscle 
hypertrophy or atrophy, and his strength 
was normal. 


Family B 


Based on historical information and 
examination, there were six people with 
this disease. The mother of patient B-3 was 
said to have had stiffness of her legs. She 
died suddenly at about age 40 years, pre- 
sumably from some type of cardiac 
arrhythmia. The younger brother of 
patient B-3 was also affected with rippling 
muscle disease and died suddenly at age 43 
years due to cardiac arrest. Patient B-3 
and his son, patient B-1, as well as his older 
brother (age 50 years) and his son, patient 
B-2, were affected. We examined patients 
B-1, B-2, and B-3. 

PATIENT B-1.—This man complained of 
muscle stiffness in his legs during the 
previous few years. He was particularly 
troubled by an inability to relax his leg 
muscles after a strong contraction. When 
he attempted to stretch the rippling mus- 
cle more completely, he felt pain, and the 
muscle pain and discomfort would contin- 
ue the next day. He had no signs of muscle 
atrophy or hypertrophy. 

PATIENT B-2.—This man’s muscle stiff- 
ness was troublesome, particularly after 
rising in the morning and when descending 
stairs. Whenever he started to run, his legs 
became stiff and he could not relax them 
for a short period. These symptoms began 
sometime during his school years and were 
not accompanied by pain. On examination, 
his muscles were well developed and there 
was moderate calf hypertrophy. He had 
mild Achilles tendon contractures and was 
unable to dorsiflex his feet to a normal 
degree when walking on his heels. 

PATIENT B-3.—The father of patient B-1 
recalled that since childhood he had had 
stiffness of his leg muscles. Occasionally 
he noticed mounding after one of his mus- 
cles was struck. The mounding was not 
painful, and the patient believed that all of 
his muscle symptoms were normal reac- 
tions. On examination, his muscles were 
well developed. 
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Patient Characteristics * 


Muscle 
Stiffness 


Patient 
No./Age, y 


Rippling 
Muscle 


Local 
Mounding 


Creatine Kinase, U/L 
(Normal, 10-80 U/L) 


Family A 
1/23 ++ ++ 
+ + 


2/25 


++ 680-1900 
+ 350 


3/62 (+) + (+) 190 


Family B 


610-1020 





* All patients were male. Plus sign indicates moderate; double plus sign, pronounced; and plus sign in 


parentheses, slight. 








Fig 1.—Rippling waves of muscle contraction in quadriceps femoris muscle of patient A-1 
immediately after voluntary contraction followed by stretching of muscle. Interval between top left 
and center left is 250 ms; between center left and bottom left, 250 ms. This interval was not short 
enough to demonstrate clearly moving pattern of rippling. Photographs represent several 
to-and-fro waves. Interval between top right and center right is 750 ms. Bottom right, Several 
minutes later, after another contraction and stretching of quadriceps. 


DIAGNOSTIC PROCEDURES AND 
LABORATORY TESTS 
Thyroid Evaluation 


Thyroxine, thyroid-stumusating hor- 
mone, and antithyroid antibody levels 
were normal in all six patients that were 
evaluated. Patient A-1 had been empirical- 
ly treated with levothyroxine sodium (150 
ug/d) by his local physician. Treatment 
was discontinued and the patient had no 


change in his muscle symptoms and find- 
ings. His thyroid function test results were 
normal. 


Cardiac Evaluation 


All electrocardiograms and chest roent- 
genograms of patients A-1, B-1, B-2, and 
B-3 were normal. The possibility of a 
familial cardiac disorder in family B was 
suggested by the sudden deaths of the 
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Fig 2.—Top, Mounding of biceps muscle within 2 s after percussion in patient A-1. Bottom, 
Indentation associated with active contraction after percussion. 


mother and younger brother of patient B-3. 
However, detailed cardiac evaluation of 
patient B-3 was performed at another hos- 
pital and included a catheterization study, 
results of which were entirely normal. 
Autopsy study of the heart in the patient’s 
younger brother disclosed nonobstructive 
cardiomyopathy and a malformation of the 
papillary muscles of the left ventricle. 


General Blood Tests 


Serum levels of sodium, potassium, chlo- 
ride, bicarbonate, calcium, phosphorus, 
and magnesium, as well as complete blood 
cell count, were all normal in patients A-1, 
A-2, A-3, B-1, and B-2. These studies were 
not performed in patient B-3. 


Creatine Kinase 


In all six patients the creatine kinase 
levels were elevated (Table). In patients 
A-3 and B-3, there was only a mild eleva- 
tion, while in patients A-1, B-1, and B-2, 
there were marked elevations ranging 
from six to 17 times higher than the upper 
limit for normal persons. 


Electromyographic Investigations 


Concentric needle electromyographic 
investigations were performed in the quad- 
riceps femoris and forearm muscles of all 
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six patients. No myotonic discharges were 
observed in any of the muscles tested. No 
fasciculations or fibrillation potentials 
were seen. However, movement of the nee- 
dle electrode or percussion of the muscle 
immediately adjacent to the electrode pro- 
duced a peculiar brief burst of spike dis- 
charges 300 to 500 ms in duration. This 
phenomenon was seen in the muscles of all 
six patients. The recruitment of motor unit 
potentials was normal, as were the dura- 
tion and amplitude. At the cessation of 
maximum voluntary contraction, no 
after-activity was observed. 

Recordings were made in the quadriceps 
femoris muscle during the rippling muscle 
movement. These were carried out with 
thin wire electrodes that were insulated 
except at the tip (1 mm). They were 
inserted into the muscle approximately 1 
cm apart. When the rippling muscle move- 
ment passed the location of these wire 
electrodes, no action potentials could be 
recorded. Only inconsistently, small num- 
bers of spike potentials could be seen dur- 
ing some of the waves of muscle rippling. 
These studies were performed in patients 
A-1, A-3, B-1, and B-3. 

To estimate the velocity of the rippling 
wave of muscle contraction, motion pic- 
tures were made and frame-by-frame anal- 
ysis was carried out. The velocity calcu- 


lated was very roughly 0.6 m/s. 

Nerve conduction studies of the tibial 
nerve showed normal velocity and normal 
amplitude of the evoked compound muscle 
action potential. 


Isometric Exercise and Forearm 
Cooling Test 


After isometric contractions of the 
biceps and forearm muscles,’ the time of 
isometric muscle relaxation was normal. 
Forearm cooling and exercise to screen for 
paramyotonia were performed in patients 
A-1 and B-1. Maximum isometric contrac- 
tion force of the flexor digitorum and its 
relaxation time remained within normal 
limits for both patients. 


Potassium Challenge 


Patient A-1 received 80 mEq of potassi- 
um orally in the morning and remained 
supine and at rest for the subsequent hour. 
During this time, his serum potassium 
level rose from 4.4 to 5.4 mmol/L. He 
developed no weakness. The rippling mus- 
cle movements and stiffness of his muscles 
were not changed. 


ischemic Forearm Test 


Ischemic forearm exercise and blood col- 
lections were performed in patient A-1. No 
contracture developed and there was a 
normal increase in venous lactate. 


Ophthalmologic Evaluation 


Slit lamp examinations to search for 
signs of cataracts typical for myotonic 
dystrophy were performed in patients A-1, 
A-2, and A-3. No cataracts were seen. 


Muscle Histology 


A biopsy specimen was taken from the 
left quadriceps femoris muscle of patient 
A-1. Light microscopy revealed an 
increased variability in fiber size and there 
was mild type-1 fiber predominance. Occa- 
sional fiber splitting and a slight increase 
in the number of central nuclei were 
observed. These findings were considered 
nonspecific but indicated a myopathic 
rather than a neuropathic disorder. Elec- 
tron microscopy demonstrated a few areas 
of myofibrillar degeneration and at one 
location honeycomb structures were seen. 
In some regions the sarcolemma showed 
unusual folding and was separated from 
the basal membrane. Beneath these folds 
were some accumulations of slightly 
enlarged mitochondria. All these changes 
were considered nonspecific. 

Autopsy samples of quadriceps muscle 
were available from the younger brother of 
patient B-3. No proliferation of connective 
tissue, muscle fiber degeneration, central 
nuclei, or cellular infiltration were seen in 
this formalin-fixed tissue specimen. 


Trials of Treatment 


Patient A-1 received tocainide therapy, 
which is effective in paramyotonia‘ and 
myotonia, in doses of 1200 mg/d for seven 
days. The symptoms did not change. Dan- 
trolene sodium (75 mg/d) was given for 
seven days and the muscle stiffness dimin- 
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ished. However, the patient felt that he 
had developed weakness and chose to dis- 
continue this medication. 


COMMENT 


The two families described here are 
identical in their symptoms and pre- 
sentation to the family described by 
Torbergsen.' The features consist of 
an unusual, involuntary rippling of 
muscles and muscle stiffness, primar- 
ily in the legs. There is also a pro- 
nounced and painful local mounding 
of muscle seen after muscle percus- 
sion. These features clearly do not 
represent a myotonic disorder.’ There 
were no myotonic discharges in the 
electromyogram, and the rippling 
muscle contraction was not associated 
with action potentials. Results of 
mechanographic studies excluded oth- 
er disorders known to produce muscle 
stiffness, such as those in reports 
describing slowing of relaxation fol- 
lowing isometric exercise.®’ Our find- 
ings support the opinion of Torberg- 
sen that these cases are examples of a 
new autosomal dominantly inherited 
disease that has previously been 
unknown, ie, rippling muscle disease. 

Families A and B lived more than 
80 miles apart. Church records indi- 
cate that both families probably had 
lived in this area as early as 1700. 
While there is no direct evidence to 
indicate a genetic linkage between 
families A and B and the original 
Scandinavian family described by 
Torbergsen,' it is interesting to recall 
that the army of King Gustav Adolph 
of Sweden occupied this region of 
West Germany during the Thirty 
Years’ War in the 17th century. Based 
on this historical information, it is 
possible that families A and B are 
genetically related to the Scandina- 
vian family described by Torbergsen. 

There is some evidence that similar 
symptoms may occur on a nonheredi- 
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tary basis.*? Two patients in family B 
in this report died suddenly of possi- 
ble arrhythmia. It is not known 
whether cardiac disorder is an addi- 
tional feature of rippling muscle dis- 
ease. No cardiac problems were 
observed in family A or in the family 
described by Torbergsen. 

Our results suggest that rippling 
muscle disease is a myopathy. The 
absence of action potentials during 
the rippling wave of muscle contrac- 
tion indicates that the pathologic pro- 
cess is located within the muscle fiber. 
The mild alterations observed on mus- 
cle biopsy are most compatible with a 
myopathic disorder. 

The mechanism responsible for the 
phenomena of muscle rippling and 
mounding that are so prominent in 
these patients is not known. Clearly 
the muscle fibers are particularly sen- 
sitive to stretch. The initiation of the 
rippling wave of contraction and the 
development of the local mounding 
are a direct result of mechanical 
stretching of the muscle. This rippling 
wave could be classified as “self prop- 
agating.” It spreads through the mus- 
cle in a direction diagonal or trans- 
verse to the axis of the muscle fibers. 
The velocity of the rippling wave is 
approximately ten times slower than 
the velocity of the muscle fiber action 
potential. This might be explained 
by an intracellular process that 
produces a local contraction of a por- 
tion of the muscle fiber (a few sarco- 
meres). By stretching the neighboring 
sarcomeres, this local contraction 
would give mechanical stimulation to 
more distal parts of the same muscle 
fiber. In a similar way, the adjacent 
muscle fibers could be influenced to 
propagate the wave of muscle rip- 
pling. 

The beneficial effect of dantrolene 
sodium in reducing muscle stiffness in 
one patient could have resulted from 


its actions on intracellular contractile 
processes, and could be considered as 
supportive evidence for the suggested 
mechanisms of muscle rippling. 
Tocainide, which acts on the muscle 
fiber surface membrane, primarily on 
the sodium channels, has no therapeu- 
tic effect. This observation is also 
compatible with the proposed mecha- 
nism for muscle rippling. It remains 
to be seen if calcium channel-blocking 
drugs will prove useful in controlling 
the symptoms in patients with rip- 
pling muscle disease.’ 


The authors wish to express their appreciation 
to Reinhard Riidel for his thoughtful suggestions 
concerning the pathophysiology underlying rip- 
pling muscle disease. 

We wish to thank Jean Ellinwood for excellent 
work in preparing and proofreading this manu- 
script, and Dagmar Huuk for her help with the 
photographs. 


References 


1. Torbergsen T: A family with dominant 
hereditary myotonia, muscular hypertrophy, and 
increased muscular irritability, distinct from 
myotonia congenita Thomsen. Acta Neurol Scand 
1975;51:225-232. 

2. Haas A, Ricker K, Riidel R, et al: Clinical 
study of paramyotonia congenita with and with- 
out myotonia in a warm environment. Muscle 
Nerve 1981;4:388-395. 

3. McArdle B: Myopathy due to a defect in 
muscle glycogen breakdown. Clin Sci 1951;24:13- 
33. 

4. Ricker K, Böhlen R, Rohkamm R: Different 
effectiveness of tocainide and hydrochlorothia- 
zide in paramyotonia congenita with hyperkal- 
emic episodic paralysis. Neurology 1983;33:1615- 
1618. 

5. Sanders DB: Myotonia congenita with pain- 
ful muscle contractions. Arch Neurol 1976;33:580- 
582. 

6. Brody IA: Muscle contracture induced by 
exercise: A syndrome attributable to decreased 
relaxing factor. N Engl J Med 1969;281:187-192. 

7. Lambert EH, Goldstein NP: Unusual form 
of myotonia. Physiologist 1957;7:57. 

8. Alberca R, Rafel E, Castilla JM, et al: 
Increased mechanical muscle irritability syn- 
drome. Acta Neurol Scand 1980;62:250-264. 

9. Mion CC, Tsanaclis AM, Lusvarghi E, et al: 
Increased muscular irritability syndrome: Treat- 
ment with nifedipine: Report of a case. Arq 
Neuropsiquiatr 1984;42:72-76. 


Rippling Muscle—Ricker et al 


t 





CH ; C AG O MIDAS REX® INSTITUTE “Modern Dissection Techniques Of Bone, 
HANDS-ON WORKSHOPS* Biometals, Bioceramics, and Bioplastics” 
728 West Algonquin Road (Arlington Heights) 
NEUROSURGICAL SYMPOSIA (NEURO 700) Also Plastic, ENT, Craniofacial, Maxillofacial, etc. OR PERSONNEL SYMPOSIA (ORP 700) 
MAY 1-2-3 ¢ 31-Jun. 1-2 AUGUST 21-22-23 Symposia for OR Personnel only: 


JUNE 12-13-14 © 29-30-Jul. 1 SEPTEMBER 6-738 ¢ 21-22-23 JULY 24-25-26 
JULY 13-14-15 © 27-28-29 OCTOBER 54-7 © 23-24-25 


WORKSHOPS: The workshops are held each day from 7:00 AREA ATTRACTIONS: 

a.m. to 1:00 p.m. They will emphasize a series of structured exer- MUSEUMS—Chicago Academy of Sciences, Chicago Historical 

cises, utilizing appropriate animal bones, skeletal bones, Society, Museum of Contemporary Art, Art Institute of Chicago, 
bioplastics and biometals. Field Museum of Natural History. 


NEUROSURGEONS—dissection skills for bonework of the cranium SIGHTSEEING—Shedd Aquarium, Adler Planetarium, Buckingham 
and spine, including attention to bioplastics and biometals appli- Fountain. 
cable to neurosurgery. PERFORMING ARTS—Chicago Sym- 
OR PERSONNE L—dissection skills to become familiar with the phony Orchestra, Lyric Opera of J 

applications of power instrumentation; discussion of and participa- Chicago, ballet, recitals, concerts and _§, “Join the more 
tion in problem solving, care, and proper maintenance of power opera. i n than 7,100 
equipment. SPECTATOR SPORTS—White Sox in Belpa ue 
ENROLLMENT: Fee (US$): Surgeon $965.00; Resident $585.00 Comiskey Park, Cubs in Wrigley Field, PR Mida pie 
(with letter from Department Head); All Operat- Sting (soccer) in Chicago Stadium, | Hanca On 

ing Room Personnel (RN/CST/PA/Other) Bears at Soldier Field, Blackhawks in W ae sa 
$250.00. Make check to “Chicago Sympo- Chicago Stadium, and horse racing k Ren OARA 
sium.” Mail to: Midas Rex Institute, 2929 Race year round. paedic Sur. 
Street, Fort Worth, Texas 76111. geons; 1,450 


Phone: 800-433-7639 or 817-831-2604. Neurosi 


-= geons; 2,050 
< OR Personnel) 


$ Photo Credit: ~ 
#hicago Convention and 
Tourism Bureau, Inc 








MIDAS REX® INSTITUTE 
HANDS-ON WORKSHOPS* 


LOS ANGELES/ANAHEIM 


625 West Katella, Unit 22, Orange, California 
“Modern Dissection Techniques Of Bone, Biometals, Bioceramics, and Bioplastics” 


NEUROSURGICAL SYMPOSIA (NEURO 700) Also Plastic, ENT, Craniofacial, Maxillofacial, etc. OR PERSONNEL SYMPOSIA (ORP 700) 
MAY 1-2-3 © 15-16-17 © 25-26-27 AUGUST 14-15-16 © 28-29-30 Symposia for OR Personnel only: 
JUNE 54-7 © 19-20-21 SEPTEMBER 11-12-13 © 25-26-27 JUNE 12-13-14 S. 

JULY 6-7-8 © 17-18-19 © 27-28-29 OCTOBER 9-10-11 AUGUST 3445 


















{htt 









ih 
l” 








liy 





; The workshops are held each day from 7:00 a.m. to 1:00 p.m. They will emphasize a series of 


structured exercises, utilizing appropriate animal bones, skeletal bones, bioplastics and biometals. 


NEUROSURGEONS—dissection skills for bonework of the cranium and spine, including attention to bioplastics and 
biometals applicable to neurosurgery. 2p 3 


. —dissection skills to become familiar with the applications of power instrumentation; dis- 
cussion of and participation in problem solving, care, and proper maintenance of power equipment. 


" 
Li b 


Mii: 


vapil] 















nti 
yl 
i 


(ll: 
AH 






AREA ATTRACTIONS; > 
SL EN tele br Knott's Berry Farm with 165 attractions and rides, Movieland, 4- 
Pacific Amphitheatre which is Orange County's outdoor theater. Other convenient attractions == ie iss 
are NBC Studios, ABC Studios, Marineland, San Diego Zoo, Sea World in San Diego andthe = = =z 
‘beaches which are 20 minutes away. 
SPECTATOR SPORTS—Baseball with the California Angels, football with the a +> = = =5 
Los Angeles Rams, and horse racing at Los Alamitos and Santa Anita. = . Spee = = Å< _ SS 
PARTICIPANT SPORTS—Golf, tennis, racquetball, swimming, and spot === == = = 
fishing off the California coastline. 
FOOD—5,000 restaurants in Orange ce are serving everything from 
Continental to ethnic cuisine. Fifty percen „Of the restaurants have re- 
ceived the Southern California Restaurant Writers award. 











ENROLLMENT; Fee (USS): Surgeon $965.00; Resident $585.00 (with = == SF 
letter from Department Head); All Operating Room Personnel (RN/CST/ >= = = 2 
PA/Other) $250.00. Make check to “Los Angeles/Anaheim Symposium.” z4 = = 

Mail to: Midas Rex Institute, 2929 Race Street, Fort Worth, Texas 76111. 











Ea) Bo L an - j 
JERE A ba A L R hy ft) Nt 
if APA) 
Wali, 
| | jbl } : 
AH | 
] AY Mi AHIHI ii 
| HI ) i 
hihi f TTL 
| jii AH Ry 
| i} t p! Nill 
H 


| 







*Join the more than 7,100 enrollees who have completed Midas 
Rex Hands-On Workshops. (3,650 Orthopaedic Surgeons; 1,450 
Neurosurgeons; 2,050 OR Personnel) 


|| 


| 


iii 


MA 
If 






Mi 


| 
| 


Regional Distribution of Cerebral 
Arteriovenous Malformations 


Interactions With Sex and Handedness 


William B. Barr, PhD; Joseph Jaffe, MD; Jeanette Wasserstein, PhD; 
W. Jost Michelson, MD; Bennett M. Stein, MD 


@ On the basis of clinical observation 
and a developmental theory of cerebral 
laterality, Geschwind and Galaburda sug- 
gested that cerebral arteriovenous mal- 
formations (AVMs) are more common in 
the left hemispheres of male patients. We 
tested this hypothesis by examining inter- 
actions among sex, handedness, and 
location of lateralized, supratentorial 
AVMs. Data from 112 cases were ana- 
lyzed by log-linear procedures. We found 
that (1) females had a greater proportion 
of left-hemisphere AVMs, whereas males 
showed an opposite trend; (2) there were 
no interactions between sex and handed- 
ness; and (3) nondextrals showed a high- 
er proportion of AVMs located in frontal 
regions, regardless of the hemispheric 
side of the lesion. Although these findings 
appear to be inconsistent with the Gesch- 
wind-Galaburda hypothesis, the inconsis- 
tency may be attributable to the embryon- 
ic stage at which this developmental 
abnormality occurs. In addition, the unex- 
pected findings may also reflect our use 
of multivariate statistical procedures, 
which control for interaction effects. 

(Arch Neurol 1989;46:410-412) 
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eschwind and Galaburda’* have 

hypothesized a testosterone-de- 
pendent delay in left hemisphere mat- 
uration, rendering that hemisphere 
more vulnerable to developmental 
impairment in males. This process is 
also invoked to account for reported 
relationships among sex, sinistrality, 
and a number of developmental 
abnormalities. This hypothesis has 
been of general heuristic value and 
has generated a significant body of 
research. The goal of the current 
study was to examine predictions 
made by this hypothesis in a large 
sample of supratentorial, clearly lat- 
eralized arteriovenous malformations 
(AVMs). 


BACKGROUND 


The previous literature on cerebral 
AVMs has included several descriptive 
studies on samples of more than 100 
cases.*’? Most of these reports have pro- 
vided data on the regional distribution of 
AVMs as well as relevant patient charac- 
teristics but have examined these variables 
independently, with little regard for possi- 
ble interactions among the variables. To 
our knowledge, no studies have examined 
handedness patterns in a large sample of 
such cases. 

Pathological studies indicate that AVMs 
originate in the third week of gestation, 
during an embryonic stage characterized 
by differentiation of primitive blood ves- 
sels." It has been suggested that they 
represent an arrest resulting from a failed 
development of a capillary network that 
normally replaces a primitive arteriove- 
nous communication. The exact cause of 
the developmental arrest has not yet been 
determined. An argument for a primary 


genetic predisposition has received only 
minor support from a few documented 
cases of co-occurrence within families.'*" 
A recent review provides data suggesting 
that a sex-related factor may be involved, 
since it has been consistently shown that 
AVMs occur more often in males than in 
females by a 1.4:1 ratio.” 

If AVMs result from a sex-related fac- 
tor, the underlying mechanism may be 
consistent with the Geschwind-Galaburda 
hypothesis.‘ These authors have reported 
that left hemisphere AVMs are more com- 
mon in males than in females.' Theories of 
pathological left-handedness would thus 
predict a higher incidence of sinistrality in 
these affected males.'*!* We investigated 
the possibility of a common underlying 
mechanism to account for these relation- 
ships by examining interactions among 
sex, handedness, and lesion location. 


SUBJECTS AND METHODS 


We reviewed the medical records from a 
sample of 140 consecutive patients who 
were admitted for diagnosis or treatment 
of cerebral AVMs at the Neurological 
Institute at Columbia-Presbyterian Medi- 
cal Center, New York, between 1980 and 
1981. Information regarding age and sex 
was acquired from admission notes and/or 
discharge summaries. Handedness was 
defined as the patient’s stated hand prefer- 
ence as noted in the neurological examina- 
tion report. This variable was classified as 
either dextral (right) or nondextral (mixed 
or left). Data pertaining to the regional 
distribution of the lesions were obtained 
from (1) arteriogram reports, (2) computed 
tomographic scans, and (3) surgical 
reports. The locations of the AVMs were 
classified in the longitudinal plane as 
either frontal (the majority of the abnor- 
mality located in the pre-Rolandic area) or 
nonfrontal (primarily post-Relandic), and 
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in the lateral plane as either right or left 
hemisphere. Only patients aged 16 years or 
older with supratentorial and clearly later- 
alized AVMs were included in the study. Of 
the original 140 cases reviewed, 112 met 
these criteria. 


RESULTS 


The mean age of the sample was 
33.9 years (range, 16 to 65 years). The 
distribution of patients classified by 
sex (male-female), handedness (dex- 
tral-nondextral), frontality (frontal- 
nonfrontal), and cerebral hemisphere 
(left-right) variables is given in Table 
1. In the total sample, 11.6% of the 
cases were rated as nondextral. This 
percentage appears to be equivalent to 
the estimated proportion of nondex- 
trality (10%) observed in the general 
population." 

One-way statistical analyses of the 
sex and location variables were per- 
formed with x? tests. Although the 
majority of the sample was male 
(with an approximately 1.3:1 male- 
female ratio), this difference did not 
reach statistical significance 
(x? = 2.14, P=.14). The analysis of 
the cerebral hemisphere variable 
resulted in a trend level of signifi- 
cance (x? = 2.71, P < .10) with a great- 
er proportion of left hemisphere 
AVMs observed in the sample. The 
analysis of the frontality variable 
indicated that there were significant- 
ly more patients with frontal than 
nonfrontal AVMs (x? = 4.06, P < .05). 

Further analyses were performed 
with the log-linear model, a nonpara- 


metric analysis that is functionally. 


similar to the parametric multiple 
regression procedure.” We used this 
model to test for possible two- and 
three-way interactions among the 
variables. In this type of model, the 
partial tests assess each effect 
adjusted for all other effects of the 
same or lower order. The marginal 
tests assess each effect, ignoring all 
others. In the current study, the mar- 
ginal tests were essentially the same 
as the partial tests. 

The results of the x? tests of the 
partial associations are given in Table 
2. The only significant results were in 
the two-way interactions between sex 
and cerebral hemisphere, and between 
frontality and handedness. None of 
the three-way interactions was signif- 
icant. 

The interaction between the sex and 
cerebral hemisphere variables indi- 
cates that female patients exhibit a 
higher proportion of AVMs in the left 
hemisphere, whereas males tend 
toward the reverse distribution. The 
other significant result, between the 
handedness and frontality variables, 
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Variable Male 


Left hemisphere 
Frontal 
Dextral 


Nondextral 
Total 


Nonfrontal 
Dextral 


Nondextral 
Total 


Right hemisphere 
Frontal 
Dextral 


Nondextral 
Total 


Nonfrontal 
Dextral 


Nondextral 
Total 
Total 








Table 1.—Frequency of Arteriovenous Malformations by Sex, 
Handedness, Frontality, and Cerebral Hemisphere 


Female Total 





























Two-way interactions (df = 1) 
Sex X handedness 


Sex X frontality 

Sex X cerebral hemisphere 
Handedness X frontality 
Handedness X cerebral hemisphere 
Cerebral hemisphere X frontality 


Three-way interactions (df = 1) 
Sex X handedness X cerebral hemisphere 


Sex X handedness X frontality 
Sex X cerebral hemisphere X frontality 


indicates that nondextrality is associ- 
ated with AVMs located in the frontal 
areas. This finding, combined with the 
failure to obtain significant interac- 
tions between handedness and cere- 
bral hemisphere and a failure to 
observe a three-way interaction 
among handedness by frontality by 
cerebral hemisphere variables, indi- 
cates that nondextrality is associated 
with frontal AVMs without regard to 
their location in either the left or 
right cerebral hemisphere. 


COMMENT 


The results indicate an unexpected 
pattern of interactions among sex, 
handedness, and regional distribution 
in a sample of lateralized, supratento- 
rial AVMs. We found that (1) a great- 
er proportion of females had malfor- 
mations located in the left hemi- 
sphere, with an opposite trend for 
males; (2) there was no significant 
interaction between sex and handed- 
ness; and (3) nondextrals showed 


Table 2.—Log-Linear Analysis: Results of 
x? Tests of Partial Associations for Two- and Three-Way Interactions 


Handedness X cerebral hemisphere X frontality 



















0.96 32 
1.66 19 
6.15 01 
6.45 01 
0.00 97 
2.90 08 
0.02 89 
0.74 89 
0.01 93 






more malformations located in fron- 
tal brain regions, regardless of the 
hemispheric side of the malforma- 
tion. 

According to the hypothesis pro- 
posed by Geschwind and Galaburda, 
we would expect a larger proportion of 
males with AVMs located in the left 
hemisphere.' Although there was a 
nonsignificant trend toward a higher 
proportion of males in our sample, we 
found that females have a higher pro- 
portion of left hemisphere AVMs 
when interactions with frontality and 
handedness are controlled for. Also, 
according to this hypothesis, we would 
expect a higher proportion of nondex- 
tral males in this population of early 
developmental brain disorders. How- 
ever, the results of this analysis were 
not significant. Thus, it would appear 
that our findings are inconsistent 
with the hypothesis. However, we 
note that this hypothesis is based 
primarily on developmental influ- 
ences that occur in middle to late 
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stages of gestation. In contrast, AVMs 
develop during the early stages of 
embryonic development. Therefore, 
the apparent discrepancies may be 
related to differences in the time 
course of the developmental influ- 
ence. 

Nondextrality in our sample was 
unrelated to the laterality of the 
AVM. It has traditionally been 
assumed that nondextrality in indi- 
viduals with a genetic predisposition 
for dextrality resulted primarily from 
developmental abnormalities in the 
left hemisphere (pathological left- 
handedness).'*> It has been demon- 
strated, however, that handedness can 
be altered due to random influences 
that are not necessarily linked to left 
hemisphere development.'*'* The inde- 
pendence of lesion side and handed- 
ness has been observed in studies of 
the handedness patterns of epileptic 
patients with “alien tissue” lesions.!*”° 
In these reports, it was concluded that 
nondextrality may develop regardless 
of the side of the lesion. Furthermore, 
other studies that relate nondextrali- 
ty to early developmental lesions do 
not usually specify the intrahemi- 
spheric location of the lesion. To our 
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knowledge, this is the first report that 
links nondextrality to focal develop- 
mental lesions in the anterior motor 
regions. Since nondextrality was 
unrelated to the laterality of the 
lesion, it may be that early abnormal- 
ities in the motor regions of either 
hemisphere may alter later motor 
development (eg, hand preference). 

Finally, our unexpected findings as 
well as our failure to confirm previous 
hypotheses may be a result of our use 
of multivariate statistical procedures 
in which interaction effects are 
removed before the two-way, compari- 
son of interest is made. For example, 
although 16% of the males in our 
sample were nondextral as opposed to 
6% of the females, the interaction 
between sex and handedness was non- 
significant once the interactions with 
frontality and cerebral hemisphere 
were statistically excluded. The meth- 
odological implications of this study 
are that a number of interaction 
effects need to be considered when 
studying sex, handedness, and region- 
al distribution of AVMs, and perhaps 
in other brain disorders.” 

In conclusion, our findings did not 
support several current hypotheses 
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Lacunar Syndrome due to Neurocysticercosis 


Fernando Barinagarrementeria, MD, Oscar H. Del Brutto, MD 


@ Seven patients with neurocysticer- 
cosis presented with a lacunar syndrome. 
Four patients had sensorimotor stroke, 
two had pure motor hemiparesis, and one 
had ataxic hemiparesis. In every patient, 
computed tomography or magnetic reso- 
nance imaging or both showed a lacunar 
infarct that was secondary to the occlu- 
sion of a terminal vessel affected by 
endarteritis and was most commonly 
associated with cysticerci in the suprasel- 
lar cistern. Diagnosis of neurocysticerco- 
sis was difficult on clinical grounds, but 
proper integration of data from computed 
tomography and cerebrospinal fluid anal- 
ysis provided an accurate diagnosis in 
every case. Neurocysticercosis should be 
considered in the differential diagnosis of 
young adults with a lacunar syndrome 
who come from areas of the world where 
this disease is endemic. 

(Arch Neurol 1989;46:415-417) 


[ gcunar syndromes were originally 

associated with small infarcts 
resulting from atheromatous’ or 
embolic occlusion of penetrating 
branches of large cerebral arteries.'? 
Subsequently, several studies showed 
that these syndromes may occur from 
a variety of causes, including inflam- 
matory arteriopathies,* small hemor- 
rhages, demyelinating diseases,‘ and 
space-occupying masses.’ Widespread 
use of computed tomography (CT) has 
led to better recognition of such cases, 
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changing the previous concept that 
lacunar syndromes are specific for 
lacunar infarcts.’ Cysticercosis, the 
most common parasitic disease of the 
central nervous system,’ has also been 
associated with lacunar syn- 
dromes.'*'! Nevertheless, the full 
extent of this association and its 
cause-and-effect relationship have 
not been totally understood. We 
describe seven patients with a lacunar 
syndrome due to neurocysticercosis 
(NCC) associated with cerebral in- 
farcts to further outline the clinical 
and radiologic spectrum of this rela- 
tively rare form of presentation of the 
disease. 


PATIENTS AND METHODS 


During the two-year period from Janu- 
ary 1986 to December 1987, 352 patients 
with NCC were seen at the National Insti- 
tute of Neurology and Neurosurgery of 
Mexico, Mexico City. Diagnostic criteria 
for NCC were based on characteristic CT 
findings or positive immunological reac- 
tions for cysticercosis in cerebrospinal flu- 
id (CSF) or both. Among these 352 
patients, seven (2%) had clinically diag- 
nosed lacunar syndrome, which was deter- 
mined according to current inclusion- 


exclusion criteria*'*; these patients were 
examined by us at the Clinics of Cerebro- 
vascular Diseases of our institution. Medi- 
cal and radiological records for these seven 
patients are presented herein; the first two 
cases have been reported previously.'*"! 


RESULTS 


Results are summarized in Table 1. 
The patients were four men and three 
women aged from 18 to 49 years 
(mean, 33 years). One patient had a 
history of taeniasis and two had a 
history of NCC. One of these patients 
was taking praziquantel at the time of 
the event (case 6). No patient had risk 
factors for cerebrovascular disease. 
Onset was sudden in six cases, and 
gradual progression over a three-day 
interval was seen in one patient (case 
4). On admission to the hospital, the 
blood pressure was within the normal 
range in all patients, and the results 
of cardiovascular examinations were 
unremarkable. Neurologic examina- 
tion showed signs consistent with a 
lacunar syndrome in every case: one 
patient had ataxic hemiparesis, two 
had pure motor hemiparesis, and four 
had sensorimotor strokes. In the 


Table 1.—Clinical Presentation and Computed Tomographic Findings in Seven Patients 
With Lacunar Syndrome due to Neurocysticercosis 


Case/Sex/ 
Age, y 
1/M/38 
2/M/49 
3/M/47 
4/F/24 
5/M/30 
6/F/18 
7/F/24 


Type of 
Lacunar Syndrome 


Ataxic hemiparesis 
Pure motor hemiparesis 
Sensorimotor stroke 
Sensorimotor stroke 
Pure motor hemiparesis 
Sensorimotor stroke 
Sensorimotor stroke 


Computed Tomographic Findings 


—. TT SS 
Responsible Lesion 


Capsular infarct 
Capsular infarct 
Capsular infarct 
Subcortical infarct 
Capsular infarct 
Capsular infarct 
Subcortical infarct 


Associated Conditions 
Suprasellar cysticercus 
Suprasellar cysticercus 
Suprasellar cysticercus 


Diffuse arachnoiditis 
Suprasellar cysticercus 
Meningeal cysticercus 
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Fig 1.—Computed tomographic scans in case 5. Left, Brain infarct in posterior limb of internal 
capsule and external putamen (arrows). Right, Ipsilateral suprasellar cysticercus (arrows). 





Fig 2.—Carotid angiogram in case 6 showing 
segmental narrowing of proximal segment of 
middle cerebral artery (arrows). 


patient with ataxic hemiparesis, the 
ataxia was manifested as a poor per- 
formance on the finger-to-nose test 
that was out of proportion with his 
weakness. The two patients with pure 
motor hemiparesis had motor deficits 
involving the lower half of the face, 
arm, and leg; however, in one of these 
patients (case 2), the hemiparesis had 
crural predominance. Patients with 
sensorimotor stroke usually had dis- 
sociated motor deficits with brachial 
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Fig 3.—T,-weighted (repetition time, 2000 
ms; echo time, 50 ms) magnetic resonance 
image in case 4 showing infarct in right corona 
radiata. 


or crural predominance; these pa- 
tients had diminished response to pin- 
prick and temperature on the entire 
side of the body contralateral to the 
infarct. No patient had diminished 
alertness, intellectual change, apha- 
sia, visual field defects, or seizures. 
Computed tomographic scans in all 
cases showed a brain infarct that cor- 
related closely with each patient’s 
neurologic manifestations. The in- 
farcts involved the posterior limb of 


the internal capsule in five cases and 
the corona radiata in two; one of the 
patients with an internal capsule 
infarct had another infarct in the 
external putamen (Fig 1). Four of 
seven patients with lacunar infarcts 
had associated suprasellar cysticercus 
(Fig 1), one had a history of hydro- 
cephalus secondary to cysticercotic 
arachnoiditis, and another patient 
had a large cysticercus in the sylvian 
fissure ipsilateral to the brain infarct. 
Associated parenchymal brain calcifi- 
cations were seen in three cases. Angi- 
ography, performed on three patients, 
yielded normal findings in one (case 
1), and revealed segmental narrowing 
of the proximal segment of the middle 
cerebral artery in two (cases 4 and 6) 
(Fig 2). Three patients (cases 2, 4, and 
5) were studied with magnetic reso- 
nance imaging, which showed a capsu- 
lar infarct in two cases and an infarct 
in the corona radiata in the other (Fig 
3); in one of the patients with a capsu- 
lar infarct, a suprasellar cysticercus 
with surrounding arachnoiditis was 
identified. Cytochemical analysis of 
CSF showed nonspecific abnormali- 
ties in six of seven cases; in addition, 
immune reactions to cysticercosis 
were positive in six patients (Table 2). 
All cases were managed with predni- 
sone (1 mg/kg/d) or aspirin (500 mg/ 
d) or both; six of these patients 
showed gradual improvement during 
a follow-up period ranging from two 
to 18 months (mean, six months). 


COMMENT 


Cysticercosis is a well-recognized 
cause of focal neurologic deficit.!*"” 
While in most patients such deficits 
develop over a period of weeks or 
months, in some cases they occur in 
less than 48 hours, making difficult 
the differentiation from cerebrovas- 
cular disease. In a large series of 
patients with NCC, the incidence of 
stroke syndromes have ranged from 
2% to 12%”; parenchymal brain cys- 
ticerci have accounted for the majori- 
ty of these cases; however, cerebral 
infarcts have been noticed in a small 
but important percentage of pa- 
tients.” The association between NCC 
and cerebrovascular disease has been 
admitted by several investigators.: 
From the histopathologic point of 
view, Escobar and Nieto” gave a 
detailed explanation for this associa- 
tion: subarachnoid cysticerci usually 
induce subacute, chronic, or recurrent 
meningitis with abnormal thickening 
of leptomeninges at the base of the 
skull and entrapment of blood vessels 
around the circle of Willis. Those ves- 
sels show thickening of the adventitia 
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Table 2.—Data From Cerebrospinal Fluid Analysis in Seven Patients With Lacunar 
Syndrome due to Neurocysticercosis 


Protein 
Level, 


Case/Sex/ White Blood 


Age, y 
1/M/38 
2/M/49 
3/M/47 
4/F/24 
5/M/30 
6/F/18 
7/F/24 


Cells, X10®/L g/L 


Immune Reactions 
to Cysticercosis * 
~<=eRQrIOeO, 
ELISA CFT 


Glucose 
Level, 
mmol/L 





* ELISA indicates enzyme-linked immunosorbent assay; CFT, complement fixation test; plus, positive; and 


minus, negative. 


with fibrosis of the media and endo- 
thelial hyperplasia. In some cases, 
this vascular involvement leads to 
complete occlusion of a blood vessel, 
with the subsequent cerebral infarct. 
Such infarcts are usually small and 
related to the occlusion of a penetrat- 
ing branch of a large cerebral artery; 
however, large infarcts related to the 
occlusion of the middle cerebral 
artery” or even the internal carotid 
artery” have also been reported. 

Our patients had lacunar infarcts in 
the posterior limb of the internal cap- 
sule (Fig 1) or the corona radiata (Fig 
3), which explain the clinical presen- 
tation of ataxic hemiparesis, pure 
motor hemiparesis, or sensorimotor 
stroke (Table 1). Four of these seven 
patients also had CT evidence of a 
cysticercus in the suprasellar cistern 
ipsilateral to the brain infarct; this 
association strongly suggests a cause- 
and-effect relationship. According to 
the mechanism described in the pre- 
ceding paragraph, the suprasellar 
cyst could induce focal arachnoiditis 
with endarteritis and subsequent 
occlusion of a penetrating branch 
arising from the proximal segment of 
the middle cerebral artery or the 
anterior choroidal artery. Angio- 
graphically, we documented segmen- 
tal narrowing of the proximal seg- 
ment of the middle cerebral artery in 
two patients (Fig 2), a finding that 
favors our suggestion. Interestingly, 
one patient with suprasellar cysticer- 
cosis developed a cerebral infarct 
while taking praziquantel; in this par- 
ticular case, it is possible that the 
acute inflammatory reaction that 
induced the drug around the para- 
site” enhanced the process of endar- 
teritis in a small penetrating vessel, 
favoring its occlusion. We think that 
cerebral infarcts should be considered 
a rare but possible complication of 
praziquantel therapy, especially in 
patients with meningeal cysticerci 
around blood vessels forming the cir- 
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cle of Willis; a short course of steroid 
therapy may be justified to reduce the 
inflammatory reaction around pene- 
trating vessels in those cases. 

Cysticercosis is usually not consid- 
ered in the differential diagnosis of 
cerebral infarcts in young adults.” 
However, in our series, five of seven 
patients were under the age of 40. This 
is an expected finding, since NCC usu- 
ally affects young adults.'’ We believe 
that NCC should be included in the 
list of causes of stroke in the young, 
especially for patients who come from 
areas of the world where this disease 
is endemic, including developing coun- 
tries**? and industrialized nations 
with a high immigrant population. 
The diagnosis of NCC may be difficult 
on clinical grounds, but proper inte- 
gration of data from CT and CSF 
analysis usually provides an accurate 
diagnosis. 
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Predictive Value of Carotid Bruit 
for Carotid Atherosclerosis 


Timothy J. Ingall, MB BS, PhD, FRACP; Daniel Homer, MD; Jack P. Whisnant, MD; H. L. Baker, Jr, MD; W. M. O’Fallon, PhD 


@ To assess the predictive value of 
carotid bruit for moderate-to-severe 
carotid atherosclerosis, the results of 
carotid arteriograms performed on 1004 
subjects were correlated with the findings 
of auscultation of the carotid arteries. 
Predictive values of carotid bruit for ipsi- 
lateral extracranial carotid atherosclero- 
sis were 77% for localized bruits and 74% 
for diffuse bruits. The predictive values of 
extracranial carotid bruit for ipsilateral 
intracranial carotid atherosclerosis were 
16% for localized bruits and 18% for 
diffuse bruits. Assessing both carotid 
arteries together, the predictive value of 
carotid bruit for moderate-to-severe ath- 
erosclerosis at any extracranial carotid 
site was 85%, there being no difference 
whether the bruits were diffuse, localized, 
bilateral, or unilateral. Diffuse or localized 
bruits, whether unilateral or bilateral, are 
equally predictive of moderate-to-severe 
atherosclerosis in the extracranial carotid 
artery, but both are poor predictors of 
intracranial carotid artery disease. 

(Arch Neurol 1989;46:418-422) 


therosclerosis (ASO) of the carotid 
artery bifurcation is a major 
pathophysiologic mechanism for is- 
chemic stroke. When there is greater 
than 25% stenosis of the carotid 
artery, a bruit may become audible 
over the site of the stenosis.' Only a 
small percentage of carotid bruits are 
not associated with pathologic find- 
ings in the internal carotid artery.’ 
Other causes, such as venous hums, 
vessel kinking, and increased blood 
flow associated with high-cardiac- 
output states accompanying arterio- 
venous malformations or anemia, are 
occasionally found, especially in youn- 
ger patients.’ 
Because of the potential relation- 
ship with stroke, the detection of a 
carotid bruit often leads to further 
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investigation of the carotid arteries 
by noninvasive and/or invasive 
studies. Although carotid arteriogra- 
phy provides the most. detailed infor- 
mation about the underlying carotid 
artery, the associated risk, albeit 
small, often precludes its use, espe- 
cially in asymptomatic patients. A 
noninvasive test, such as a duplex 
scan or oculopneumoplethysmogra- 
phy, is the initial and, often, only 
investigation of suspected carotid 
artery ASO in the majority of 
patients. However, these techniques 
have limitations in detecting the true 
extent of ASO and do not provide 
information on intracranial (IC) 
carotid circulation. 

To best assess the predictive value 
of carotid artery bruit for moderate- 
to-severe carotid artery ASO, we cor- 
related the findings of carotid arteri- 
ography with the results of carotid 
artery auscultation in 1004 patients. 


PATIENTS AND METHODS 


Patients who underwent carotid arteri- 
ography for any reason between July 1983 
and October 1986 were prospectively 
entered into the study. Atherosclerotic 
cerebrovascular disease is the most fre- 
quent indication for carotid arteriography 
at the Mayo Clinic, Rochester, Minn. To 
reduce the bias toward ASO that such a 
patient selection may introduce, we also 
studied patients undergoing carotid arteri- 
ography for other reasons, such as sub- 
arachnoid hemorrhage, central nervous 
system tumors, or other IC lesions (Ta- 
ble 1). 

Carotid and cardiac auscultation was 
performed on every patient by one of two 
observers. Each patient lay supine with his 
or her neck slightly extended and was 
asked to hold his or her breath at the end 
of inspiration. Using a bell-type stetho- 
scope, the carotid and subclavian arteries, 
as well as each orbit, were auscultated 
bilaterally. The carotid artery was auscul- 
tated proximally and also distally over the 
carotid bifurcation. A bruit heard only 
over the carotid bifurcation was classified 
as a localized bruit, as was a bruit heard 
proximally and over the bifurcation, but 
with a clear accentuation of the bruit over 
the bifurcation. A carotid bruit equally 
audible proximally and distally over the 
carotid bifurcation was classified as a dif- 
fuse bruit. A bruit was not included if it 
was thought to represent a venous hum or 
a transmitted bruit from the subclavian 
artery or base of the heart. The auscultato- 
ry findings for each artery were recorded 
separately (two per patient) and, for each 


patient, the bilateral auscultatory findings 
were recorded (bilaterally absent, bilater- 
ally diffuse bruits, bilaterally localized 
bruits, unilaterally localized, unilaterally 
diffuse, and unilaterally diffuse with con- 
tralaterally localized bruit). 

A single neuroradiologist reviewed and 
interpreted all the arteriographic studies 
and was unaware of the clinical diagnosis 
at the time of interpretation. The presence 
or absence of ASO was recorded at four 
sites in each carotid artery: the terminal 
2.5 em of the common carotid artery, the 
proximal 2.5 cm of the extracranial (EC) 
internal carotid artery, the carotid siphon, 
and the IC internal carotid artery distal to 
the siphon to its bifurcation. The extent of 
ASO at each site was graded as follows: 
normal, normal vessel or plaque with 
insignificant compromise of the lumen; 
mild, 10%- to 49%-diameter stenosis of 
vessel lumen; moderate, 50%- to 89%- 
diameter stenosis of vessel lumen; and 
severe, =90%-diameter stenosis of vessel 
lumen, including occlusion. For some anal- 
yses, occlusion was considered separately 
from severe stenosis (90% to 99%). If the 
vessel diameter was reduced by causes 
other than carotid ASO, eg, vasospasm, 
then the vessel was excluded from further 
analysis. 

For each patient, a bilateral EC carotid 
artery ASO grade was calculated by taking 
the maximal ASO grade of the four EC 
carotid artery sites. A bilateral IC carotid 
artery ASO grade was calculated by taking 
the maximal ASO grade of the four IC 
carotid artery sites. For comparison with 
the unilateral auscultatory findings, a uni- 
lateral EC carotid artery ASO grade was 
calculated for each carotid artery by tak- 
ing the maximal ASO grade of the two EC 
sites in each carotid artery. A unilateral IC 
carotid artery ASO grade was calculated 
for each carotid artery by taking the max- 
imal ASO grade of the two IC sites in each 
carotid artery. 


RESULTS 


There were 1004 patients entered 
into the study. At least one IC carotid 
artery was adequately visualized in 
1000 patients, comprising 596 men and 
404 women (median age, 60 years; age 
range, 40 through 69 years). At least 
one EC carotid artery was adequately 
visualized in 752 patients, comprising 
457 men and 295 women (median age, 
61 years; age range, 40 through 69 


years). Fewer EC carotid arteries - 


were visualized because, when arteri- 
ography was performed for non-ASO 
indications, adequate views of the EC 
carotid artery were not always 
obtained. Of the patients who had IC 


Carotid Bruit—Ingall et al 


Patient 

Group Bruit or Amaurosis 

(No. of Positive Fugax/TIA 
Patients) OPG or RIND 





EC 
carotid 
(752) 


IC carotid 
(1000) 


Retinal 
Infarct 





Indication, % (No. of Patients) 


CNS 
Bleed 


CNS 


Infarct Aneurysm 




















Table 1.—Indication for Arteriography * 
OT eS a 


CNS Mass 
Lesion 





Vasculitis 


“EC carotid indicates patients with arteriographic views of extracranial internal carotid artery; IC carotid, patients with arteriographic views of intracranial internal 
carotid artery; OPG, oculoplethysmogram; TIA, transient ischemic attack; RIND, reversible ischemic neurologic deficit: and CNS, central nervous system. 
tOther includes patients undergoing arteriography for indications such as head or neck trauma, subdural or epidural hematomas, fibromuscular dysplasia, or 


arteriovenous malformations. 


Site of ASO 
(No. of Unilateral 
Patients) Localized 


Either EC carotid, 84 

total (752) (16/19) 
Either EC carotid, 82 

men (457) (9/11) 
Either EC carotid, 88 

women (295) (7/8) 
Either IC carotid, 26 

total (1000) (5/19) 


Unilateral 


Location of Bruit, % (No. of Patients) 


PLP LT, 


Bilateral 
Diffuse 


Bilateral 


Diffuse Localized 


85 85 85 


(57/67) (23/27) (22/26) 


87 88 81 


(17/21) 
80 82 100 


(41/47) (14/ 16) 


(16/20) (9/11) (5/5) 


22 26 35 


(14/64) (7/27) (9/26) 





Unilateral 
Localized/ 
Contralateral 


Diffuse Absent 


31 
(190/611) 
37 
(134/362) 
22 
(55/249) 
8 
(71/862) 


* ASO indicates atherosclerosis; EC carotid, extracranial carotid artery; and IC carotid, intracranial carotid artery. Patients had stenosis of 50% to 100%. 


carotid arteries visualized, 47% of 
patients underwent arteriography for 
non-ASO indications, compared with 
30% of patients who had adequate 
views of the EC carotid artery (Ta- 
ble 1). 

A total of 196 carotid artery bruits 
were detected. There were 75 localized 
carotid bruits; 19 bruits were unilat- 
eral, and there were 27 pairs of bilat- 
eral bruits. Of the 121 diffuse carotid 
bruits, 67 bruits were unilateral, and 
there were 26 pairs of bilateral bruits. 
Two patients had a combination of a 
localized bruit on one side and a dif- 
fuse bruit on the other side. 

Comparing the maximal bilateral 
KC carotid artery ASO grade with the 
bilateral auscultatory findings, the 
predictive value of a carotid bruit for 
moderate-to-severe ASO at any EC 
carotid artery site was essentially the 
same, whether the bruits were local- 
ized, diffuse, unilateral, or bilateral, 
ranging from 84% to 85% (Table 2 
and Fig 1). The predictive value was 
100% for a unilaterally diffuse bruit 
combined with a contralaterally local- 
ized bruit, but there were only two 
patients in this group. The absence of 
a carotid bruit in both arteries was 
associated with moderate-to-severe 
ASO at any site in the EC carotid 
arteries in 31% of patients. There was 
very little difference between men and 
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women, with the predictive values of 
carotid bruit for moderate-to-severe 
ASO at any site in the EC carotid 
arteries ranging from 81% to 88% for 
diffuse and localized carotid bruits, 
both bilaterally and unilaterally (Ta- 
ble 2). 

Comparison of the unilateral aus- 
cultatory findings with the maximal 
ASO grade in the ipsilateral EC carot- 
id artery (Table 3) showed very little 
difference in the predictive value for 
moderate-to-severe ASO between dif- 
fuse and localized bruits (74% and 
77%, respectively). The absence of a 
carotid bruit was associated with 
moderate-to-severe ASO in the ipsi- 
lateral carotid artery in 35% of 
patients. There was essentially no dif- 
ference between men and women, 
with the predictive value of either 
diffuse or localized bruit for moder- 
ate-to-severe ASO in the ipsilateral 
carotid artery ranging from 73% to 
78% (Table 3). 

A carotid bruit was audible in only 
3% of patients whose arteries were 
classified as normal. Carotid bruits 
were audible in 10% of those with 
10% to 49% stenosis, 30% of those 
with 50% to 89% stenosis, 43% of 
those with 90% to 99% stenosis, and 
21% of those with occlusion (Fig 2 and 
Table 4). For the group of patients 
with 50% to 100% stenosis, only 33% 


had an audible bruit. 

Comparing the maximal bilateral 
IC carotid artery ASO grade with the 
bilateral auscultatory findings (Fig 1 
and Table 2), the predictive values of 
an EC carotid bruit for moderate- 
to-severe ASO at any IC carotid 
artery site were 22% and 26% for 
unilaterally diffuse and unilaterally 
localized bruits, respectively. For 
bilaterally diffuse and bilaterally 
localized bruits, the predictive values 
were 35% and 26%, respectively. One 
of two patients with a diffuse bruit 
unilaterally, combined with a local- 
ized bruit contralaterally, had moder- 
ate-to-severe ASO at some site in the 
IC carotid arteries. The absence of a 
carotid artery bruit in both arteries 
was associated with moderate-to- 
severe ASO at any site in the IC 
carotid arteries in 8% of patients. The 
predictive value of a unilateral EC 
carotid artery bruit for moderate-to- 
severe ASO in the ipsilateral IC carot- 
id artery was 16% for a localized bruit 
and 18% for a diffuse bruit (Ta- 
ble 3). 

There were 16 orbital bruits 
detected, and their associated arterio- 
graphic findings are shown in Table 5. 
One patient had had a normal arterio- 
gram, and four patients had findings 
other than ASO cerebrovascular dis- 
ease to explain the presence of an 
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orbital bruit. Arteriovenous malfor- 
mations were present in two cases, a 
carotid-cavernous fistula was present 
in one case, and, in the fourth case, a 
large parasellar meningioma caused 
more than 50% narrowing (due to 
external compression) of both inter- 
nal carotid arteries. Of the remaining 
ten cases, four cases were associated 
with severe EC carotid artery stenosis 
contralaterally (90% to 99% ), and two 
cases had EC carotid artery occlusions 
contralaterally. 


COMMENT 


Although neurologic sequelae to 
thrombosis of the EC carotid artery 
had been described as early as 1880,' it 
was Hunt’ who, in a 1913 presentation 
to the American Neurological Associ- 
ation, first emphasized the connection 
between obstructive lesions of the EC 
carotid artery and the development of 
neurologic symptoms. However, ap- 
proximately 40 years passed before 
Fisher®’ stimulated further interest 
in this area, with his two publications 
in 1951 and 1954 demonstrating the 
relationship between stroke and EC 
carotid artery ASO. In 1957, he 
brought attention to the relationship 
between carotid artery bruit and cere- 
brovascular disease when he de- 
scribed a 69-year-old woman with 
carotid artery bruits bilaterally who 
had the sudden onset of weakness in 
her right leg.’ In the following decade, 
these findings were reinforced and, in 
particular, a carotid artery bruit 
localized to the carotid artery bifurca- 
tion was thought to be most indicative 
of carotid artery ASO, as distinct 
from a diffuse carotid bruit.” How- 
ever, this was based mainly on clinical 
impression, and, where arteriography 
was performed, it was either per- 
formed for isolated cases only" or not 
all the bruits were characterized.” 

In this study, we found that a local- 
ized carotid bruit is no more predic- 
tive of moderate-to-severe carotid 
ASO (stenosis =50%, including occlu- 
sion) in the ipsilateral EC carotid 
artery than is a diffuse carotid bruit 
(77% vs 74% ). To our knowledge, only 
one other study has reported the cor- 
relation between carotid arterio- 
graphic results and carotid bruit find- 
ings where diffuse and localized 
bruits are reported separately.’ These 
authors found that only six (38%) of 
16 arteries with diffuse carotid bruits 
had significant carotid artery stenosis 
(residual lumen, <2 mm, including 
complete occlusion), compared with 35 
(90%) of 39 arteries with a bruit 
either localized to the carotid artery 
bifurcation or being heard diffusely 
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Fig 1.—Predictive value of bilateral carotid auscultation findings; percentage associated with at 
least 50% stenosis (including occlusion) at any extracranial or intracranial site. 











Site of ASO 
(No. of 
Patients) Localized 
EC Carotid, 77 
total (1337) (75/98) 
EC Carotid, 78 
men (834) (46/59) 
EC Carotid, 74 
women (503) (29/39) 
IC Carotid, total 16 


(1731) (15/96) 





Table 3.—Predictive Value of Carotid Bruit for Ipsilateral Carotid Stenosis (50% to 100%)* 


Type of Bruit, % (No. of Patients) 


IO 





Diffuse Absent 
74 35 
(65/88) (401/1151) 
73 28 
(48/66) (202/709) 
77 19 
(17/22) (82/442) 
18 6 
(16/87) (87 / 1548) 





* ASO indicates atherosclerosis; EC carotid, extracranial carotid artery; and IC carotid, intracranial carotid 


artery. Patients had stenosis of 50% to 100%. 


Bruit Frequency, % 


Ya 


Normal 


50-89 


90-99 Occlusion 


Carotid Stenosis, % 





Fig 2.—Frequency with which carotid bruit (expressed as percentage) was associated with 


different degrees of carotid artery stenosis. 


along the carotid artery with accentu- 
ation at the bifurcation. Other studies 
correlating carotid auscultation find- 
ings with carotid arteriography either 
reported only bruits localized to the 
carotid bifurcation or did not dis- 
tinguish between the different types 


of carotid bruit.” In a study using 
noninvasive techniques, Chambers 
and Norris% found that localized 
bruits heard high in the neck were 
just as predictive of carotid stenosis 
greater than 35% as were bruits audi- 
ble in the midcervical region. 
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Source, y Normal 


Ziegler et al,?! 1971 1 





(18/637) 





Present study+ 


* Stenosis range of less than 60%. 
tStenosis range of 60% to 99%. 


Table 4.—Percentage of Arteries With Significant Stenosis Having 
a Carotid Bruit (Diffuse or Localized) 


lS A OEN Ce ae ee 


0 26 27 36 
8 70 88 67 
2 51 76 58 
0 20° 78t 40 

Bt. 29* 65t 33 
3 10 37§ 21 


(28/280) 










Range of Stenosis, % 












<50 50 to 99 Occlusion 








(121/329) (19/91) 


Numbers in parentheses indicate number of patients; N = 1337. 


§For stenosis of 50% to 89%, 30% of patients had a bruit (49/ 162). For stenosis of 90% to 99%, 43% of 
patients had a bruit (72/167). For stenosis of 50% to 100%, 33% of patients had a bruit (140/420). 





















Gilroy and Meyer,'? 1962 87 
Ziegler et al,?! 1971 17 
David et al,'” 1973 59 
Ueda et al,?? 1979 71 
Wise et al,'® 1979 51 
Thompson et al,?3 1966 90 
Riles et al,2° 1981 77 
DeWeese et al,24 1968 5 
Gautier et al,2° 1975 71 
Present study 76 
74 


The ipsilateral predictive values for 
moderate-to-severe carotid ASO from 
this study are comparable with simi- 
lar studies, although not all of these 
characterize the type of bruit or the 
range of stenosis studied.» Most 
studies have documented carotid bruit 
predictive values ranging from 51% to 
90% (Table 6). As the patients in this 
study were weighted more toward 
ASO cerebrovascular disease, we ana- 
lyzed the group of patients who did 
not have ASO cerebrovascular disease 
as the indication for arteriography. 
While the members of the latter 
group were slightly younger, they had 
a similar sex distribution, and the 
predictive values for bruits were in 
the same range as the ASO cerebro- 
vascular disease group. 

A diffuse bruit could result from a 
focal stenosis for a number of reasons. 
Bruits may be audible proximal to a 
stenosis up to a distance of 2 cm," 
although the intensity usually de- 
creases.’ Obese patients with short 
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Table 6.—Percentage of Arteries With Carotid Bruit Having Significant Stenosis 





Bruits With 
Significant 
Source, y Stenosis, % 
Rennie et al, 13 1964 
Pessin et al,'® 1983 90 


3 







Definition of 
Significant 
Stenosis, % 


Not defined 


Residual lumen 
<2 mm 


Residual lumen 
=2 mm 


Not defined Localized 
50-89 Not specified 
50-100 Localized 
60-100 Not specified 
60-100 Localized 
50-100 Not specified 
60-100 Not specified 
>30 Not specified 
>75 Not specified 
50-100 Localized 
50-100 Diffuse 








Type of Bruit 
Not specified 
Localized 





























necks can be difficult to auscultate, 
and localization of a bruit may be very 
difficult. Also of importance is inter- 
observer variation. Chambers and 
Norris% found little correlation be- 
tween two experienced physicians in 
their ratings of intensity, pitch, and 
duration of carotid bruits. The posi- 
tion of the patient, whether the bell- 
or diaphragm-type stethoscope is 
used, and different auditory percep- 
tions of the examiners can all contrib- 
ute to differing interpretations in aus- 
cultation.! 

When unilateral diffuse and local- 
ized bruits are considered together, 
our results show an approximately 
linear increase in the frequency of 
carotid bruits as the degree of ipsilat- 
eral carotid stenosis increases, until 
the artery is occluded, when there is a 
reduction in the frequency of the 
bruits (Fig 2). Moderate-to-severe 
carotid ASO was associated with a 
carotid bruit in 37% of patients with 
50% to 99% stenosis and 33% of 


Table 5.—Orbital Bruit Associations 


No. of 
Cases* 








Arteriographic Findings 


Contralateral extracranial 
90%-99% stenosis 



















2 Contralateral extracranial 
occlusion 

3 Ipsilateral intracranial 
50%-89% stenosis 

1 Ipsilateral extracranial 
90%-99% stenosis 

1 Bilateral extracranial 
10%-49% stenosis 

2 Ipsilateral arteriovenous 
malformations 

1 Ipsilateral 
carotid-cavernous 
fistula 

1 Bilateral intracranial 






carotid compression 

(>50%) due to 

parasellar meningioma 
Normal arteriogram 







patients with 50% to 100% stenosis. 
Results from other studies, where all 
types of carotid bruit are considered 
together (Table 4), show a similar 
trend, although these studies have 
found a higher percentage of EC 
carotid arteries with moderate-to- 
severe ASO associated with a carotid 
bruit (65% to 88% ).!718022 Experimen- 
tal work has shown that for any 
degree of stenosis (even 0% stenosis), 
there is a given blood-flow rate that 
produces jet instability with associat- 
ed turbulence that will produce a 
bruit.” Increasing the degree of steno- 
sis increases both the amount of tur- 
bulence and the likelihood of detect- 
ing a bruit. Carotid bruits have been 
described with a residual lumen diam- 
eter of 0.8 to 3.0 cm.” Given a normal 
mean carotid artery diameter of 5.1 + 
1.1 mm,’ it is then possible to hear a 
bruit with stenoses as low as 25%, or 
even lower in high-blood-flow condi- 
tions. Theoretically, when the artery 
is occluded there should be no turbu- 
lence and, thus, no bruit. However, as 
demonstrated in Fig 2 and Table 4, 
bruits are still audible over 21% of 
occluded arteries. This finding is sim- 
ilar to other work demonstrating a 
bruit in 24% of patients with an 
occluded artery. The most likely 
mechanisms of bruit production with 
an occluded internal carotid artery is 
altered flow through the external 
carotid artery (which also may have 
stenosis). 

As carotid ASO is frequently a mul- 
tifocal disease,” it is not surprising 
that a bruit is more predictive of 
moderate-to-severe carotid ASO oc- 
curring at any site (either EC or IC), 
compared with analysis restricted to 
the artery ipsilateral to the bruit. 
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This is true whether the bruit is local- 
ized, diffuse, unilateral, or bilateral. 
However, in a noninvasive study, 
Chambers and Norris*® found that 
carotid bruits bilaterally were more 
likely to predict EC carotid artery 
stenosis greater than 35% than were 
-carotid bruits unilaterally. 

We included the analysis of IC 
carotid lesions to assess how useful 
the presence of a bruit over the EC 
carotid artery would be in predicting 
moderate-to-severe IC carotid ASO. 
The predictive value should be low, 
since there is a low prevalence of IC 
carotid ASO. Reasons for this include 
the following: first, the development 
of IC carotid ASO tends to lag about a 
decade behind the development of EC 
carotid ASO*"!; and second, most 
carotid lesions are found in the first 2 
em from the origin of the internal 
carotid artery.’ The results of the 
ipilateral analysis (Table 3) and bilat- 
eral analysis (Table 2 and Fig 1) show 
low predictive values, ranging from 
16% to 35%. 

A meaningful comparison of the IC 
and EC carotid ASO grades with the 
orbital bruit findings was not possi- 
ble, as orbital bruit was detected in 
only 16 patients. In one case, the arte- 
riogram was normal. In four cases, an 
explanation for the orbital bruit was 
found that was not related to ASO 
cerebrovascular disease (Table 5). Of 
the remaining ten cases, six were 
associated with significant contralat- 
eral EC carotid artery lesions, ie, two 
eases featured occlusions and four 
eases had severe stenoses (90% to 
99% ). The association of orbital bruit 
and an EC carotid artery lesion con- 
tralaterally has been described previ- 
ously and has been postulated to be 
due to an increase in the flow of blood 
through the carotid siphon on the side 
contralateral to the carotid lesion, ie, 
the side of the bruit.’ 

While the findings in this study will 
have little effect on the way that most 
physicians would manage patients 
with suspected carotid artery ASO, 
these findings are factors that should 
be considered when clinical trials are 
being designed or interpreted. Some 
studies of the natural history of 
asymptomatic carotid artery ASO 
have included only patients with 
carotid bruits™ and may be exclud- 
ing as many as two thirds of cases 
with moderate-to-severe carotid ASO. 
Two of these studies specified that the 
bruit must be localized for the 
patients to be included in the study.**”*° 
Another consideration is that the nat- 
ural history of carotid artery ASO 
may be different for patients with or 
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without a carotid bruit.” 

In conclusion, we noted that diffuse 
or localized carotid bruits, whether 
unilateral or bilateral, were equally 
predictive of moderate-to-severe EC 
carotid ASO. They were both poor 
predictors of IC carotid ASO. These 
findings, and the fact that moderate- 
to-severe carotid ASO was associated 
with a carotid bruit in only 33% of 
patients, should be considered when 
designing or interpreting natural his- 
tory studies of asymptomatic carotid 
ASO. 


This work was supported in part by research 
grant NS 06663 from the National Institutes of 
Health, Bethesda, Md. 
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A New Family With Joseph Disease in Japan 


Homovanillic Acid, Magnetic Resonance, and Sleep Apnea Studies 


Junichi Kitamura, MD; Yoko Kubuki, MD; Kazuhito Tsuruta, MD; Teruyuki Kurihara, MD; Shigeru Matsukura, MD 


è Four male patients and one female 
patient of a new family with Joseph dis- 
ease are reported. Their disease was 
characterized by autosomal dominant 
inheritance, bulging eyes, rigidity and 
spasticity of the lower extremities, dys- 
tonia, and bradykinesia. Cerebrospinal 
fluid homovanillic acid level was markedly 
reduced. Levodopa improved dystonia. 
Magnetic resonance imaging revealed 
mild atrophy of the frontal lobe and the 
cerebellum and marked atrophy of the 
lenticular nucleus and the brain stem. 
Polysomnographic studies revealed non- 
rapid eye movement stage central type 
sleep apnea syndrome. This is the first 
report using magnetic resonance imaging 
and sleep apnea studies of Joseph dis- 
ease. 

(Arch Neurol 1989;46:425-428) 


„J oseph disease is an autosomal dom- 

inantly inherited neurological dis- 
order among the Portuguese and their 
descendants. Sakai et al‘ first re- 
ported a non-Portuguese family with 
Joseph disease in Japan. 

Joseph disease has been classified 
into three types. Type I (amyotrophic 
lateral sclerosis [ALS]-parkinsonism- 
dystonia type) manifests pyramidal 
tract and extrapyramidal tract signs 
and was reported in Joseph family 
members. Type II (ataxic type) mani- 
fests cerebellar signs and was re- 
ported in Thomas family members. 
Type III (ataxic-ALS type) manifests 
cerebellar signs and distal dominant 
muscle atrophy and was reported in 
Machado family members. We report 
a new family with type I Joseph dis- 
ease in Japan. 


REPORT OF CASES 


Figure 1 depicts the family pedigree. 
Five members were definitely affected and 
were examined by us. The other six cases 
were said to have or have had similar 
clinical problems, but the diagnosis has not 
yet been confirmed. The great-grandpar- 
ents died in their 40s, and their definite 
neurological deficits were not confirmed. 
The disease is inherited as an autosomal 
dominant trait. There was no direct blood 
relationship between our family members 
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and those of the family reported by Sakai 
et al.‘ 

Case 1.—This 49-year-old man started to 
have an unsteady gait at age 35 years. 
Insomnia and leg spasticity appeared at 
age 38 years. The disease slowly pro- 
gressed, and he could not walk without 
support at age 40 years. His medical histo- 
ry was unremarkable, except for pulmo- 
nary tuberculosis at age 37 years. 

He was short and small (154 em and 43 
kg). He was euphoric but not demented. 
General findings were unremarkable. 
There was marked limitation of vertical 
gaze with mild limitation of lateral gaze, 
slow eye movements, and faciolingual fas- 
ciculation. Oculocephalic reflexes were 
incomplete. Deep tendon reflexes were 
exaggerated, but Babinski’s sign was not 
noted. There was marked rigidity and 
spasticity of the lower extremities. Finger- 
nose and heel-shin tests revealed mild 
ataxia. Gait was spastic, ataxic, and dys- 
tonic. He had some difficulty in initiating 
the first step of the gait. He had no sensory 
impairment. There was no involuntary- 
movement. 

Routine laboratory study results were 
normal, including thyroid hormones and 
serum creatine kinase. Electroencephalog- 
raphy (EEG) was normal. Concentric nee- 
dle electromyography (EMG) revealed 
giant potentials with amplitudes of more 
than 6 mV, and reduced numbers of neuro- 
muscular units. Urodynamic studies 
revealed atonic bladder. Cerebrospinal flu- 
id (CSF) studies revealed normal pressure 
and normal cell count. The CSF homovan- 
illic acid (HVA) level was 4.2 ng/mL 
(mean + SD, 47.8 + 17.4 ng/mL), which 
was markedly reduced. The CSF 3- 
methoxy-4-hydroxyphenylethylene glycol 
(MHPG) level was 15.2 ng/mL (mean + 
SD, 10.0 + 2.9 ng/mL) and was not 
reduced. Magnetic resonance imaging 
(MRI) revealed mild atrophy of the cere- 
bellum and the frontal lobe and marked 
atrophy of the putamen and the brain stem 
(Fig 2). He had excessive daytime sleepi- 
ness and insomnia. Polysomnographic 
studies revealed Cheyne-Stokes respira- 
tions and central-type sleep apnea during 
non-rapid eye movement (REM) stage (Fig 
3). The apneic episodes, which lasted more 
than 10 s, occurred 70 times in the seven- 
hour sleep record. 

CASE 2.—This 46-year-old man, a youn- 
ger brother of case 1 (Fig 1), started to 
have an unsteady gait at age 39 years. 
Diplopia, insomnia, and spasticity of the 
lower extremities appeared thereafter and 
were slowly progressive. After age 42 
years, he could not walk without support 
because of marked spasticity and marked 
abnormal postures. His medical history 
was unremarkable. 

He was short (157 cm). He had horizon- 


tal nystagmus, slow eye movements, and 
limited eye movements in all directions but 
particularly in vertical gaze. He also had 
bulging eyes and faciolingual fasciculation. 
Deep tendon reflexes were exaggerated, 
but Babinski’s sign was not noted. He had 
dystonic postures and rigidity and spastic- 
ity of lower extremities as observed in case 
1. His gait was spastic, ataxic, and dys- 
tonic. He also had difficulty in initiating 
the first step of the gait. 

Routine laboratory and roentgenograph- 
ic study results were normal. The CSF 
HVA level was 4.0 ng/mL, which was 
markedly reduced. The CSF 5-hydroxyin- 
doleacetic acid (5-HIAA) level was 9.8 ng/ 
mL (mean + SD, 18.5 + 2.5 ng/mL). The 
CSF MHPG level was 6.7 ng/mL. His EEG 
was normal. Polysomnographic studies 
revealed central-type sleep apnea during 
the non-REM stage of sleep. The apneic 
episodes, which lasted more than 10 s, 
occurred 42 times in the seven-hour sleep 
record. His arterial oxygen pressure, mea- 
sured by an ear oximeter, decreased to 83% 
(normal saturation at room air, 94% to 
97%) at the nadir of one apneic episode 
(Fig 4). Amantadine hydrochloride, 200 
mg/d, and levodopa, 1600 mg/d, improved 
dystonia and increased the CSF HVA level 
to 43.8 ng/mL. Levodopa and amitriptyline 
hydrochloride did not improve sleep apnea. 
Motor conduction velocities were normal, 
but needle EMG revealed neurogenic 
changes. An MRI scan revealed findings 
similar to those observed in case 1 (Fig 
2). 

Case 3.—This 48-year-old woman, a 
younger sister of cases 1 and 2 (Fig 1), 
started to have an unsteady gait and 
insomnia at age 27 years. Spasticity of the 
legs and abnormal posture appeared there- 
after and were slowly progressive. After 
age 37 years, she could not walk without 
support. At age 37 years, she developed 
dysphagia; her voice became so small that 
she had to communicate by writing. 

She was short and small (143 cm and 24 
kg). There were bulging eyes, horizontal ny- 
stagmus, slow eye movements, limited ocu- 
lar movements, faciolingual fasciculation, 
rigidity and spasticity of the lower extrem- 
ities, and diffuse but slightly distal domi- 
nant muscle atrophy. Deep tendon reflexes 
were exaggerated, and Babinski’s sign was 
positive bilaterally. Oculocephalic reflexes 
were incomplete. Sensation was normal. 
There was no involuntary movement. She 
was not demented; she could write English 
words correctly without tremor. 

Routine laboratory and roentgenograph- 
ic study results were normal. Motor con- 
duction velocities were normal, but needle 
EMG revealed giant potentials and 
reduced numbers of neuromuscular units. 
Muscle biopsy of the right biceps revealed 
nonspecific neurogenic changes, with small 
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angulated fibers. Her EEG was normal. 
Polysomnographic studies revealed cen- 
tral-type sleep apnea during the non-REM 
stage of sleep. The CSF HVA level was 2.2 
ng/mL, which was markedly reduced. The 
CSF MHPG level was 7.1 ng/mL. Levodopa 
(1200 mg/d) improved dystonia and 
increased CSF HVA level to 19.3 ng/mL 
but did not increase CSF MHPG level. An 
MRI scan revealed findings similar to 
those observed in case 1 (Fig 2). 

Case 4.—This 42-year-old man, a youn- 
ger brother of cases 1, 2, and 3 (Fig 1), 
started to have an unsteady gait at age 30 
years. Thereafter, insomnia, ophthalmo- 
plegia, and spasticity of the lower extremi- 
ties appeared and were slowly progressive. 
He can still walk without support at 
present. His medical history was unre- 
markable. 

He was examined at our outpatient clin- 
ic. He was short (160 cm). There were 
mildly limited ocular movements in verti- 
cal gaze, horizontal nystagmus, faciolin- 
gual fasciculation, and spasticity of the 
lower extremities. He had less dystonia but 
had dystonic postures of the hands. The 
metacarpal joints were flexed, and the 
proximal and distal interpharyngeal joints 
were extended. Deep tendon reflexes were 
exaggerated, but Babinski’s sign was not 
noted. 

Routine laboratory and roentgenograph- 
ic study results were normal. Cranial com- 
puted tomography revealed mild atrophy 
of the frontal lobe and the cerebellum and 
moderate atrophy of the brain stem and 
the putamen; CSF studies were not done. 

Case 5.—This man died at the age of 56 
years; he was a cousin of the previous four 
cases (Fig 1). He started to have an 
unsteady gait at age 50 years. Insomnia, 
dystonia, and spasticity of the legs 
appeared thereafter and were slowly pro- 
gressive. 
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Fig 1.—Family pedigree. 


He had had left leg sympathectomy for 
thromboangitis obliterans at age 25 years. 
He had orthostatic hypotension. His 
blood pressure went down from 160/110 
mm Hg in the supine position to 110/90 
mm Hg on standing. There were ophthal- 
moplegia, bulging eyes, nystagmus, and 
spasticity of the legs. Deep tendon reflexes 
were exaggerated, but Babinski’s sign was 
not noted. His gait was spastic, ataxic, and 
dystonic. 

Routine laboratory study results were 
normal. Computed tomography revealed 
mild atrophy of the frontal lobe and the 
cerebellum and marked atrophy of the 
brain stem. Lumbar puncture was not 
done. 

He died at age 56 years. A local physi- 
cian diagnosed stroke as the direct cause of 
death. Autopsy was not done. 


COMMENT 


The prominent clinical features of 
the affected members of our family 
were autosomal inheritance, adult 
onset of the disorder, normal intelli- 
gence, Insomnia, various ocular signs, 
pyramidal tract signs, mild cerebellar 
signs, amyotrophy, and extrapyrami- 
dal signs. 

Joseph disease is a hereditary disor- 
der, found quite recently. Striatoni- 
gral degeneration results in rigidity 
and dystonia but does not follow 
familial inheritance or have ocular 
signs.’ Friedreich’s ataxia involves 


Fig 2.—Magnetic resonance image of patient 
1. Top, Level of putamen, showing atrophy of 
putamen, globus pallidus, and frontal lobe. 
Center, Level of midbrain, showing atrophy of 
midbrain. Bottom, Sagittal view of brain stem, 
showing atrophy of pons and cerebellum. 
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Fig 3.—Polysomnographic studies of case 1. Central- -type non-rapid eye movement (REM) stage sleep 
apnea is recorded. Arrows show that chest respiration starts first and then nasal respiration follows after 
apneic episode. EEG indicates electroencephalogram; EOG, electro-oculogram; EMG, electromyogram; 
and ECG, electrocardiogram. 


Fig 4.—Polysomnographic record of case 2. Arrows at ear oximetry show decreased arterial oxygen 
pressure (Pao) at nadir of apneic episode. Arrows at respiration show that both chest and nasal 
respiratory movements stop and start simultaneously. REM indicates rapid eye movement: EOG, 
electro-oculogram; and EMG, electromyogram. 
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* The family in our present study belongs to type |. All cases in this table are autosomal dominant inheritance. Symbols and abbreviations are as follows: N indicates 
normal; Pr, present; single plus sign, mild; two plus signs, moderate; three plus signs, severe; minus sign, none; question mark, not studied or not known; CSF, 


cerebrospinal fluid; and HVA, homovanillic acid. 
tOnly one case is reported. 


truncal ataxia but not hyperreflexia.° 
The family members reported by Goto 
et al’ presented different clinical signs 
among the members. The patient who 
had myoclonus and epilepsy while 
alive was pathologically diagnosed as 
having  dentatorubropallidoluysian 
degeneration. However, the patient 
who had clinical signs similar to those 
of Joseph disease was a sibling of that 
case. Our family members presented 
homogeneous intrafamilial clinical 
signs. Slow eye movements are report- 
ed in hereditary spinocerebellar 
degeneration? and in Huntington’s 
chorea.’ Our cases did not have cere- 
bellar signs and choreic movement as 
the foremost clinical features. Shy- 
Drager syndrome has central-type 
sleep apnea, but our cases did not have 
autonomic dysfunction as the fore- 
most clinical feature." 

Although the affected members of 
our family had more amyotrophy than 
those of the family reported by Rosen- 
berg et al! and had milder cerebellar 
signs than those of the family re- 
ported by Sakai et al,* they had quite 
similar clinical manifestations (Ta- 
ble). These findings suggest that our 
family has type I Joseph disease. 

The CSF level of HVA in case 3 was 


1. Rosenberg RN, Nyhan WL, Bay G, et al: 
Autosomal dominant striatonigral degeneration: 
A clinical, pathological and biochemical study of 
a new genetical disorder. Newrology 1976;26:703- 
714. 

2. Nakano KK, Dawson DM, Spence A: Macha- 
do disease: A hereditary ataxia in Portuguese 
emigrants to Massachusetts. Newrology 1972; 
22:44-55. 

3. Woods BT, Schumberg MH: Nigro-spino- 
dental degeneration with nuclear ophthalmople- 
gia: A unique and partial treatable clinicopatho- 
logical entity. J Neurol Sci 1972;17:144-166. 

4. Sakai T, Ohta M, Ishino H: Joseph disease 
in non-Portuguese family. Neurology 1983; 
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2.3 ng/mL. This is the lowest value of 
CSF HVA among the values in cases 
of Joseph disease reported in the liter- 
ature." 

The MRI findings (Fig 2) correlated 
well with the clinical manifestations. 
Dystonia and rigidity as well as the 
reduced level of CSF HVA corre- 
sponded to the atrophy of the mid- 
brain and the lenticular nucleus. 
Pyramidal tract signs corresponded to 
the atrophy of the cerebral peduncles 
of the midbrain and the atrophy of the 
basis pontis. Sleep apnea corre- 
sponded to the atrophy of the brain 
stem. Various ocular signs also cor- 
responded to the atrophy of the brain 
stem. 

Sleep apnea has not hitherto been 
reported in Joseph disease.!* Sleep 
apnea is classified mainly into two 
types. One type is obstructive, in 
which chest respiratory movement is 
preserved when nasal breathing stops. 
The other type is central, in which all 
respiratory movement stops simulta- 
neously. Physiological sleep apnea 
occurs in REM stage, or in the early 
stages of sleep. Our cases had sleep 
apnea during non-REM sleep, in 
stages 3 and 4. Central-type sleep 
apnea is thought to be caused by the 


References 


33:74-80. 

5. Adams RD, van Bogaert C, Van der Eeckson 
H: Striato-nigral degeneration. J Neuropathol 
Exp Neurol 1964;23:584-608. 

6. Friedreich N: Uber Ataxie mit besonder 
Berucksichtingung der hereditaren Formen. Vir- 
chow Arch A 1876;68:145-245. 

7. Goto I, Tobimatsu S, Hosokawa S, et al: 
Dentatorubropallidoluysian degeneration: Clini- 
cal, neuro-ophthalmoplegic, biochemical and 
pathologic studies on autosomal dominant form. 
Neurology 1982;32:1395-1399. 

8. Zee DS, Optian LM, Cook JD, et al: Slow 
saccades in spinocerebellar degeneration. Arch 
Neurol 1976;33:243-251. 


dysfunction of the activating system 
or of the tonic-suppressive system of 
the brain stem. Serotonergic neurons, 
in the nucleus raphae of the medula 
oblongata, and the adrenergic neu- 
rons, in the locus ceruleus of the pons, 
are considered to be related to the 
function of sleep and awake states." 
The CSF 5-HIAA and MHPG levels of 
case 2 were reduced. The apnea may 
be related to abnormalities in mono- 
amine metabolism. 

Recently, Hara et al’ reported that 
one characteristic of Joseph disease in 
Japan is the presence of various 
degrees of autonomic dysfunction. 
The affected members of our family 
and those of the family reported by 
Sakai et al and Hara et al? have 
autonomic dysfunction in common 
(Table). Sleep apnea in Joseph disease 
is an important clinical complication 
and a potential cause of death. Fur- 
ther studies are necessary to clarify 
the autonomic dysfunction of Joseph 
disease. 
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Generalized Cortical Dysplasia Manifested by 
Diffusely Thick Cerebral Cortex 


Gilles Marchal, MD; Frederick Andermann, MD; Donatella Tampieri, MD; 
Yves Robitaille, MD; Denis Melanson, MD; Barry Sinclair, MD; 
André Olivier, MD, PhD; Kenneth Silver, MD; Pierre Langevin, MD 


@ Unilateral or bilateral rolandic mac- 
rogyria has been described as a cause of 
epilepsy and, in some cases, retardation. 
Tissue from the periphery of these lesions 
shows the changes of focal cortical dys- 
plasia. Evidence reported herein sug- 
gests that cortical dysplasia may also be 
generalized. Two patients with intractable 
epilepsy and mental retardation had dif- 
fusely abnormal, thick cortex, shallow 
gyri, and poor demarcation of gray and 
white matter. One patient had an anterior 
callosotomy that led to considerable 
improvement of the epilepsy. Cortical lay- 
ers 5 and 6 could not be differentiated on 
biopsy material. The white matter was 
poorly myelinated and contained clusters 
of heterotopic neurons. This syndrome, a 
congenital disorder of neuronal migra- 
tion, with prolonged survival, represents a 
mild form of lissencephaly. It can be diag- 
nosed during life by computed tomogra- 
phy or magnetic resonance scanning. 

(Arch Neurol 1989;46:430-434) 


cal cortical dysplasia’ is an epilep- 
togenic cytoarchitectonic abnor- 
mality of the human isocortex that 
encompasses the presence of mislami- 
nated giant neurons and astrocytes 
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with varying degrees of white matter 
involvement. Recent articles have 
broadened this initial concept by 
defining focal atypical cases lacking 
some of the classic morphologic fea- 
tures, such as giant astrocytes, and 
bilateral cases with extensive cortical 
involvement.’ 

Cortical dysplasia has been de- 
scribed as the pathologic substrate in 
the border areas of macrogyria occur- 
ring in the rolandic or sylvian regions 
but also in other cortical areas. Cases 
of bilateral symmetric rolandic mac- 
rogyria have also been reported. Simi- 
lar histopathologic changes have been 
noted in hemimegalencephaly.2 We 
now report a syndrome of diffusely 
abnormal thickened cerebral cortex 
associated with intractable secondary 
generalized or partial epilepsy and 
mental retardation occurred in two 
unrelated girls; the biopsy specimen 
at callosotomy in one patient showed 
cortical dysplasia. 


CLINICAL FEATURES 


CasE 1.—A 16-year-old girl was the prod- 
uct of a normal pregnancy and delivery, 
but the mother was 40 years old then and 
was unaware of the pregnancy until the 
fifth month of gestation. Birth weight was 
approximately 2.5 kg, and there were no 
neonatal problems. Development in infan- 
cy was described as normal; there was a 
history of early left-handedness. The first 
seizure, a generalized tonoclonic convul- 
sion lasting three hours, occurred when the 
patient was 3% years old. Since then, she 
continued to have seizures of two types. 
The first were generalized tonoclonic 
attacks with deviation of the head and eyes 
to the left, occurring without warning, 
once per week. The second pattern, also 


without warning, consisted of staring, 
blinking, and tremulous movements of the 
right hand lasting less than a minute and 
occurring, on an average, once a day. 

All available antiepileptic medications 
were administered, with only partial sei- 
zure control. Since the onset of her seizure 
disorder, there has been progressively 
more obvious developmental delay, with 
poor judgment and impulse control. She 
had a global IQ of 54 and was unable to 
read, write, or manage money. Coarse 
facial features were attributed to her med- 
ication, and she had a mild scoliosis, mild 
left-sided facial weakness, dysarthria, and 
a pronator drift of the left upper extremi- 
ty. A fine postural tremor present in both 
arms was attributed to valproic acid thera- 
py. Head circumference was not increased. 
Normal results from laboratory data 
determinations included a complete blood 
cell count, sequential multiple analyzer 
with computer, serum cortisol, long-chain 
fatty acids, urinary sulfatase activity, leu- 
kocyte a-fucosidase, acetylhexosamini- 
dase, and acid mucopolysaccharides. 

A roentgenogram of the skull showed a 
mild degree of hypoplasia of the left hemi- 
sphere. On computed tomographic (CT) 
scanning, even using a low-resolution scan- 
ner, poor development of white matter was 
found. A magnetic resonance (MR) image 
showed the abnormality in better detail 
and allowed more accurate evaluation of 
cortical abnormalities. The lateral ventri- 
cles were mildly enlarged, particularly the 
trigone and occipital horns. The abnormal 
appearance of the white matter was due to 
reduction of short arcuate fibers and of 
association fibers (Fig 1). The gyri were 
thicker than normal due to an increased 
volume of gray matter; signals from their 
superficial and deeper portions were dif- 
ferent (Fig 2). A chest roentgenogram 
showed a marked dextroconvex thoraco- 
lumbar rotoscoliosis. 


Electrocencephalographic (EEG) re- 
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cordings showed an active generalized epi- 
leptogenic 2-Hz spike, and wave epilepti- 
form abnormality, with multifocal inde- 
pendent abnormalities mainly over both 
posterior head regions. There was also a 
continuous mild to moderate disturbance 
of background activity. 

Because the seizures were refractory to 
antiepileptic medication, the patient was 
treated by anterior callosotomy. The sur- 
face of the cortex appeared normal, and 
the corpus callosum and pericallosal arte- 
ries were normal. A preoperative right 
frontal biopsy specimen was obtained. 

The biopsy specimen was wedge-shaped 
and measured 1.7 X 1.5 cm in its largest 
aspect. Leptomeninges were grossly unre- 
markable. The specimen was fixed in 10% 
buffered formaldehyde, paraffin-embed- 
ded, and step sectioned. Representative 
step sections were stained with hematoxy- 
lin-eosin, Kluver-Barrera, Sudan black B 
for neutral fats, Holmes silver, and peri- 
odic acid-Schiff. Microscopic examination 
showed mild subpial gliosis without het- 
erotopic neurons or astrocytes. Although 
external and internal granular layers were 
poorly defined, in keeping with frontal 
cortex, the lamination was well preserved 
from layers 1 to 4. Layers 5 and 6 could not 
be clearly separated. Layer 6 merged crisp- 
ly into unremarkable superficial white 
matter, which suggests that some arcuate 


Patient 1 


Fig 1.—Patient 1. Magnetic resonance image 
(repetition time, 2100 ms and echo time, 30 
ms) shows anomalous architecture of white 
matter, which is less evident than normal due 
to absence of U fibers and of some associa- 
tion fibers. 
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Fig 2.—Patient 1. Magnetic resonance image 
(repetition time 2100 ms and echo time, 30 
ms) shows gyri are thicker than normal due to 
increased volume of gray matter but true 
macrogyria is not found. Difference in signal 
between superficial and deeper portions of 
cortex. 


Normal 








Fig 3.—Patient 1. Low magnification of right frontal lobe cross-section (Kluver-Barrera stain X 15). Granular layers 2 and 4 
are well developed. Layers 5 and 6 are poorly demarcated. Architecture of lower cortical myelinated fibers is normal. Large 
array of heterotopic neurons is marked by arrows in superficial white matter. Comparative views of normal, lissencephailic, 
and pachygyric isocortex are provided. '® 
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fibers were preserved. Immediately subja- 
cent to the arcuate fibers, the white matter 
was poorly myelinated and replaced by 
ill-defined coalescent clusters of large neu- 
rons without dysplastic features or vertical 
lamination (Figs 3 and 4). There was no 
evidence of a storage disorder. 
Representative sections of the biopsy 
were challenged against immunoperoxi- 
dase-labeled neuron-specific enolase and 
glial fibrillary acidic protein antibodies. 
Mild gliosis was found only in deeper white 
matter in regions harboring clusters of 
heterotopic neurons. There were no giant 





of lamination (peroxidase-antiperoxidase glial fibrillary acidic protein preparation X160). Few 
hypertrophic astrocytes were seen amidst heavy background of oligodendrocytes. Scattered 


astrocytes. A few heterotopic neurons 
stained weakly for neuron-specific enolase. 
Sections stained with normal preimmune 
rabbit serum were unremarkable. Gliomas 
and normal cortex from autopsy material 
were used as a control. 

After callosotomy, her seizures im- 
proved dramatically. In the first two post- 
operative years, she had a few generalized 
tonoclonic seizures and rare absence 


attacks or arrest of activity without fall- 
ing. She is more alert and communicative, 
and her family is delighted by her behav- 
ioral improvement. 


heterotopic neurons are identified by their large nuclei (arrows). 


Fig 5.—Patient 2. Computed tomographic 
scan shows enlargement of lateral ventricles 
and abnormal aspect of white matter. 
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Case 2.—A 9-year-old right-handed girl 
developed uncontrollable seizures at the 
age of 4 years. She was delivered ten days 
postterm after a normal pregnancy. Labor 
was induced. There were no perinatal com- 
plications. 

Initial seizures were major convulsions 
with upward deviation of eyes and clonic 
movements of the four extremities. Later 
she fell, her left side became hypotonic, she 
stared, occasionally turned her head to the 
left side, and remained limp. 

During her attacks, she could hear but 
not speak and retained some awareness of 
the environment. The attacks were stable, 
lasted about 20 to 30 s, and occurred sever- 
al times a week. She was mildly retarded, 
hyperactive, with poor concentration and 
attention, and attended a special education 
class. 

Her EEGs showed an active epileptiform 
abnormality arising from the right mid- 
frontal region, with a tendency to extend to 
homologous regions on the left side. Rare 
independent epileptic discharges arose 
from the right midtemporal region. Mild 
but continuous disturbance of cerebral 
activity was found with predominance over 
the right hemisphere. 

A high-resolution CT scan showed 
anomalous architecture of the white mat- ‘ 
ter, which was less abundant than normal, 
and mild enlargement of the lateral ventri- 
cles (Fig 5). An MR examination was car- 
ried out with a 1.5-T unit that obtained 
axial, coronal, and sagittal sections 8-mm 
thick, with a repetition time of 2100 ms and 
two echoes of 30 and 60 ms. The MR image 
assessed abnormalities with greater ana- 
tomical detail. The poverty of white matter 
and the absence of its usual digitiform 
aspect were considered to be caused by a 
reduction of arcuate fibers in parietal and 
occipital regions (Fig 6). The gyri appeared 
thicker than normal without evidence of a 
true pattern of macrogyria. There was no 





Fig 6.—Patient 2. Magnetic resonance image (repetition time, 2100 ms and echo time, 30 ms). In 
comparison with first case, changes are less evident and some U fibers are recognizable (left) in 
frontal regions. Some white matter is present in temporal lobes (right). 
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increased signal from the cerebral paren- 
chyma to suggest gliosis. 


COMMENT 


These young patients presented 
with an electroclinical syndrome of 
secondary generalized or multifocal 
epilepsy, mental retardation, and 
probably deterioration, related, at 
least in part, to the epileptic disorder. 
A diffuse cortical or cerebral abnor- 
mality is generally postulated to 
explain the seizures and the clinical 
and EEG findings in such forms of 
epilepsy. A specific diffuse cortical 
pathologic substrate is only rarely 
identified, although diffuse neuronal 
disease may initially mimic even the 
seizure patterns seen in primary gen- 
eralized epilepsy.’ Certainly there was 
no genetic history or prenatal abnor- 
mality in the history of these patients 
or examination results to make one 
suspect the presence of the general- 
ized neuronal migration abnormality, 
which was later documented by CT 
and MR scanning. 

The two patients had a similar 
roentgenographic pattern, differing 
only by the degree of dysplasia of the 
white matter, which seemed to be 
more severe in the first. In both cases, 
CT showed enlargement of the lateral 
ventricles and an unusual aspect of 
the white matter, while MR imaging 
allowed more complete assessment of 
the structural anomalies. 

In the first case, MR imaging dis- 
played anomalous white matter with- 
out evidence of short arcuate fibers 
and association fibers. It showed the 
cortex to be abnormal in shape and 
signal. The cortex appeared thickened 
due to an increased volume of gray 
matter, but a true pattern of macrogy- 
ria was absent. Further correlation 
between the MR image and histologic 
findings, when possible, will be impor- 
tant. 

In the second case, the degree of 
abnormality seemed less severe. The 
changes in the white matter were less 
evident. Some short arcuate fibers 
and some white matter could be iden- 
tified in the temporal lobes. The 
abnormality of the cortex was similar 
to that described in the first case. 

Complete assessment of this severe 
dysplasia can only be obtained by MR 
imaging. The difference in relaxation 
times between gray and white matter 
allows their differentiation with 
greater anatomical detail. Since it is 
possible to obtain images in all the 
anatomical planes, MR imaging 
allows better evaluation of the gyri, 
particularly in coronal views. Finally, 
the specific sensitivity of MR imaging 
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allows assessment of the white matter 
in the temporal lobes, which is almost 
impossible with CT. 

The pattern of generalized thicken- 
ing of the cortex, poor demarcation of 
gray and white matter, and the 
decrease in the number and depth of 
sulci have not, to our knowledge, been 
previously described. From a patho- 
logic viewpoint, changes found in 
association with megalencephaly and 
hemimegalencephaly must be consid- 
ered in the differential diagnosis, 
although the roentgenographic fea- 
tures are different. 

Megalencephaly has been well 
reviewed by De Myer.‘ One of our 
patients with this disorder showed no 
architectonic abnormality in tissue 
removed in front and behind the 
greatly enlarged epileptogenic precen- 
tral and postcentral gyri. A biopsy of 
these two gyri, however, was not 
done.’ 

Unilateral megalencephaly has also 
been well described.** It is preferen- 
tially associated with the linear nevus 
sebaceous syndrome of Jadassohn.*” 
Cortical dysplasia is found in epilep- 
togenic tissue removed surgically 
from such patients. All patients de- 
scribed with hemimegalencephaly 
presented with neurologic deficits and 
focal or generalized seizures; many 
were young children who died before 3 
months of age, but some survived and 
were alive in the second decade of life. 
The EEGs showed severe epileptogen- 
ic and background abnormalities 
mainly ipsilateral to the malforma- 
tion and with secondary generaliza- 
tion.** Grossly, the cortex of the 
abnormal hemisphere is thick with 
poor demarcation of gray and white 
matter, abnormally wide gyri, simpli- 
fied gyral patterns, abnormalities of 
the basal ganglia and cerebellum, and 
nodules of ectopic gray matter within 
the centrum semiovale.’ Histologic 
features described include a normal 
molecular layer,*’ an absent granular 
layer, and hypertrophic neurons dis- 
tributed at random.*’ There are 
numerous ectopic neurons; Townsend 
et alf found, as in our case, an abnor- 
mal lamination of layers 5 and 6, but 
neurons were sometimes binucleated, 
which was not seen in our patient. 
Townsend et alf and Manz et al’ found 
an excess of DNA content (+30%) in 
cortical cells of the megalencephalic 
hemisphere (heteroploidy). They sus- 
pected either an excessive response to 
a neuronal growth factor or a defi- 
ciency of its regulator inhibitor. In 
our patient, histologie features are 
similar to those reported by Manz et 
al, who described diffuse unilateral 


hemispheric involvement. Our pa- 
tients, therefore, had a generalized 
form of this type of maldevelopment, 
compatible with prolonged survival, 
contrary to the early death of the 
patient of Manz et al. 

Another cause of diffusely abnor- 
mal macrogyric cortex is the pachygy- 
ria-lissencephaly complex. Neurologic 
deficits also include seizures, difficul- 
ty swallowing, and hypotonia. Death 
usually occurs before the age of 2 
years; however, cases of prolonged 
survival are reported (11 years, Hana- 
way et al"). Polyhydramnios was not- 
ed in the history in some cases.'*! The 
EEG abnormalities are characterized 
by high-amplitude slow waves mixed 
with sharp waves and, in some cases, 
by a hypsarrhythmic pattern. ®!" Mac- 
roscopically, the cortical surface is 
smooth, with little or no sulcal devel- 
opment (lissencephaly or agyria) or is 
characterized by abnormally large 
gyri (pachygyria). The cortical mantle 
is thickened in all lobes” or more 
markedly so within specific lobes. 
Poor differentiation of the gray and 
white matter junction is usual. Mild 
ventricular dilatation can be noted, 
and the claustrum and external cap- 
sule cannot be distinguished in some 
cases.'' The histologic features are 
different from those of the patients 
reported herein. In the lissencephaly- 
pachygyria syndrome, cortical archi- 
tecture is typically characterized by a 
four-layer cortex, and rarely it 
may be even more primitive, with only 
two or three layers.'?!’ Ectopic neu- 
rons and astrogliosis are also common 
in pachygyria.'*'2!*'8 A developmental 
anomaly is suspected to occur early in 
gestation, before the age of 4 
months. !0:!2:!8 

Partial lissencephaly involving both 
rolandic regions, associated with epi- 
lepsy and mental retardation, and 
compatible with a probably normal 
life span, has been described in three 
patients.' Pathologic studies in this 
group of patients are unavailable. 
Unilateral rolandic macrogyria is 
more common and is also associated 
with epilepsy. In these patients, the 
epileptogenic EEG abnormalities are 
usually most obvious over the tempo- 
ral lobe rather than over the more 
structurally abnormal regions. Epi- 
leptogenic tissue removed during tem- 
poral lobectomy performed in an 
attempt to reduce the epileptogenic 
tendency has shown changes of corti- 
cal dysplasia, but the regions of maxi- 
mal architectonic abnormality with 
featureless cortex and abnormally 
wide gyri have not been available for 
study.’ Focal cortical dysgenesis has 
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also been fortuitously discovered by 
MR imaging studies of two patients 
with isolated congenital hemianop- 
sia,” while their CT scans were nor- 
mal. 

These cases are unique because of 
the generalized cortical involvement 
and the histologic pattern. While the 
histologic abnormality is based on 
only a small biopsy specimen, the 
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imaging studies show that the struc- 
tural abnormalities are generalized. 
More complete pathologic studies and 
additional biopsy specimens obtained 
in similar patients will be important. 
The malformation represents a minor 
form of pachygyria and lissencephaly 
with abnormalities of cell migration 
resembling the more localized radio- 
logic and clinical entities previously 
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Interhemispheric Transfer in Patients With 
Incomplete Section of the Corpus Callosum 


Anatomic Verification With Magnetic Resonance Imaging 


Gail L. Risse, PhD; John Gates, MD; Gunnar Lund, MD; Robert Maxwell, MD; Alan Rubens, MD 


@ Tests of interhemispheric discon- 
nection including visual, somesthetic, kin- 
esthetic, auditory, and complex motor 
functions were performed on seven 
patients with chronic epilepsy who had 
undergone partial surgical section of the 
corpus callosum, verified by magnetic 
resonance imaging. Two patients with 
only one third of the splenium remaining 
demonstrated disconnection syndromes 
involving all modalities except vision, 
which was completely intact. Five 
patients had lesions involving the rostrum 
and the anterior two thirds to four fifths of 
the body of the callosum, with the spleni- 
um spared. They demonstrated little evi- 
dence of disconnection in the modalities 
indicated, except for left ear suppression 
on a dichotic listening task and partial 
somatosensory disruption in some cases. 
These results emphasize the importance 
of the posterior corpus callosum for inter- 
hemispheric sensory and sensorimotor 
transfer, although some discrepancies 
between current behavioral data and pre- 
vious anatomic findings remain. 

(Arch Neurol 1989;46:437-443) 
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The functional topography of fibers 
in the human corpus callosum is 
incompletely understood. It is be- 
lieved that motor and sensory fibers 
traverse the commissure in an antero- 
posterior distribution corresponding 
closely to the cortical areas they 
interconnect.! Thus, fibers from the 
prefrontal, premotor, and motor cor- 
tex of one hemisphere project to the 
opposite side via the genu, rostrum, 
and anterior body of the callosum, 
while the interhemispheric functions 
of somesthesis, kinesthesis, and audi- 
tion are believed to be subserved by 
fibers crossing in the middle and pos- 
terior portions of the body. Visual 
fibers projecting from the occipital 
cortex of one hemisphere to the oppo- 
site side pass through the splenium. 
These relationships have been demon- 
strated anatomically in the rhesus 
monkey with fiber degeneration stud- 
ies using silver impregnation and 
autoradiography." 

Recently, the projections of human 
callosal fibers have been traced in a 
study that correlated the distribution 
of wallerian degeneration with ana- 
tomic sites of ischemic infarction.’ 
These authors‘ traced fibers from the 
inferofrontal and anteroinferior pari- 
etal regions to the genu and rostrum 
of the callosum, while fibers arising 
from the temporoparietal-occipital 
junction were found to course through 
the splenium and caudal portion of 
the body of the callosum. The superior 
parietal lobule and the occipital cor- 
tex were found to “give rise to inter- 


hemispheric fibers that course exclu- 
sively through the splenium. ...”4 The 
authors concluded that the relation- 
ships they described were consistent 
with those reported in the rhesus 
monkey. 

The behavioral correlates of modal- 
ity-specific callosal fibers have been 
considered in cases involving partial 
destruction of the corpus callosum. 
Intact interhemispheric transfer has 
been reported, for example, following 
anterior surgical lesions believed to 
extend well into the body of the com- 
missure.° The two patients described 
by these authors failed to show dis- 
ruption of interhemispheric integra- 
tion for stimuli presented in the 
visual, tactual, and olfactory modali- 
ties. Bilateral motor functions to ver- 
bal commands and crossmatching of 
cutaneous point localization and hand 
postures were also completely intact. 
In other cases, however, limited surgi- 
cal sections or naturally occurring 
lesions localized to a specific portion 
of the callosum have selectively inter- 
fered with some functions while leav- 
ing others intact.*? Some authors have 
attempted to explain differences in 
behavioral outcome based on the 
source of destruction of callosal 
fibers, attributing more severe and 
longer lasting effects to vascular and 
neoplastic lesions compared with sur- 
gical sections.’ In all of these behav- 
ioral studies, however, anatomic veri- 
fication of the exact areas destroyed 
has been limited to the surgeon’s 
report or to radiographic tests that 
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Demographics and Magnetic Resonance Imaging (MRI) 


Earliest 
Full-Scale IQ Postoperative Area of Extra Callosal 
Case No./ ——$—$—]?]__ I _ Testing Date, Callosum Intact Pathologic Findings 
Age, y/Sex Handedness Preoperative Postoperative mo by MRI by MRI 
signal 
20/17/F Right 60 75 11 Posterior % of body plus Right parietal T2 signal; 






23/32/M 


Right 63 55 1 
27/26/M Right 90 84 2 Posterior % of body plus Right frontal abscess 
splenium, rim of rostrum 
96 se 3 wk 


28/21/M Right Posterior % of body plus None 
splenium 

29/17/F Right 71 4 Posterior s of body plus None 
splenium 

30/30/F Left 78 75 1 Posterior % of body plus None 





cannot directly visualize callosal 
fibers. In this study, we conducted 
tests of interhemispheric transfer in 
six modalities on a group of seven 
patients who had undergone partial 
section of the corpus callosum verified 


by magnetic resonance imaging 
(MRI). 
PATIENTS AND METHODS 
Patients 


Seven patients (four males and three 
females), ages 17 through 30 years, with 
medically intractable epilepsy underwent 
surgery (Table). Medical intractability was 
defined as daily or weekly seizures result- 
ing in falls and physical injury. These 
seizures occurred despite documented 
therapeutic blood levels of all appropriate 
antiepileptic drugs under our supervision 
in an inpatient intensively monitored epi- 
lepsy unit for at least one month immedi- 
ately prior to the surgery. All patients had 
had sequential manipulation of medica- 
tions with single drug as well as polyphar- 
macy regimens under close supervision for 
at least two years before surgery. 

The preoperative evaluation consisted of 
computed tomographic scans, four-vessel 
angiography, comprehensive neuropsycho- 
logic testing,” and multiple interictal and 
ictal electroencephalographic video record- 
ings. All patients were documented to have 
primary or secondarily generalized epilep- 
tiform discharges that accompanied the 
clinical seizures causing injury. Each 
patient had at least two morphologically 
distinct interictal discharges. 


Surgical Procedure 


With the exception of patient 9, who had 
a central approach, the surgical tech- 
nique consisted of a right frontal cranioto- 
my to expose the corpus callosum. The 
sagittal sinus was usually divided rostrally 
to allow maximal exposure. Retraction of 
both hemispheres was the preferred tech- 
nique, as opposed to forced retraction of 
the right hemisphere only. Arachnoidal 
adhesions in the anterior interhemispheric 
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splenium 


Posterior 4 of splenium 


fissure were taken down to expose the 
corpus callosum, often with the assistance 
of the sterile draped operating microscope. 
Micro-instrumentation and bipolar coagu- 
lation were routinely employed during the 
interhemispheric section, with special care 
taken to identify and to avoid branches of 
the anterior cerebral artery. The corpus 
callosum was exposed completely in its 
anterior aspect, with the exposure carried 
posteriorly, until the body of the corpus 
callosum was seen dipping out of sight 
where it merged with the splenium. The 
actual section of the callosum, as assisted 
by electroencephalographic guidance, was 
generally effected by microsuction. Metic- 
ulous hemostasis was preserved through- 
out the procedure.” 


MRI Procedure 


Magnetic resonance imaging was per- 
formed using a 1.0-tesla (T) system (Sie- 
mens Corp, Iselin, NJ) operating at 0.35 T 
and 1.0 T. A 30-cm field of view was used 
for head imaging. Acquisition and display 
matrix of 256 by 256 was used resulting in 
a pixel size of 1.2 by 1.2 mm. All patients 
had sagittal spin-echo images using T1- 
weighted technique, which emphasized 
water density tissue with time of relax- 
ation, 0.3 to 0.4 s and time between original 
pulse and echo detection, 16 to 30 ms. In 
addition, an inversion recovery (IR) tech- 
nique was used with time of relaxation, 1.5 
s; T1, 400 ms; and time between original 
pulse and echo detection, 30 ms. Additional 
views in axial, coronal, or paraxial planes 
were obtained when needed to fully evalu- 
ate the extent of the callosotomy. Slice 
thickness was 5 to 10 mm. Total examina- 
tion times were approximately 30 to 45 
minutes. 


Behavioral Testing 


All patients were evaluated postopera- 
tively with a battery of tests designed to 
assess interhemispheric transfer of visual, 
somatosensory, kinesthetic, auditory, and 
motoric information. With one exception, 
all data were obtained at least one month 
postoperatively. Six of seven patients were 
also given most of the test battery preoper- 


splenium 





enlarged left lateral 
ventricle 


None 





atively, and in all cases normal interhemi- 
spheric transfer was documented. Preoper- 
ative test scores are included for compari- 
son only when scores differed significantly 
from those obtained postoperatively. 


Vision 


Transfer of visual information was 
tested tachistoscopically with stimuli rear- 
projected for 100 ms to the left or right of a 
central fixation point. The patient was 
seated 2 to 3 ft from an opaque screen and 
told to fixate the point without knowledge 
of the side to be stimulated. The stimuli 
consisted of 20 black-and-white line draw- 
ings appearing once in each visual field. 
The patient was instructed to name each 
picture as soon as it appeared. Patients 
were further tested for interhemispheric 
integration using a tachistoscopic same- 
different task in which two common 
objects were flashed simultaneously, one 
in each field. The patients were instructed 
to respond “same” if the objects were 
identical or “different” if they were not. 


Somesthesis 


Patients were asked to name a series of 
15 small metal objects palpated with one 
hand in a concealment box. The left hand 
was always tested first to minimize famil- 
iarity and cuing. If the patient was unable 
to name with the left hand, the series was 
repeated in a different order as a tactile- 
visual matching task. A single object was 
palpated, followed immediately by a visual 
identification task from a choice of three. 
Verbalizations by the patient were dis- 
couraged during the matching procedure. 
In a separate test, 12 points on the palms 
and fingers of each hand were stimulated 
using a dull point, and the patient was 
asked to identify the location of each stim- 
ulus by touching the identical point on the 
opposite hand with the thumb out of view. 
A within-hands condition was also in- 
cluded as a control. 


Kinesthesis 


Position sense of the upper extremities 
was evaluated by blindfolding the patient 
and placing one arm and/or hand in a 
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specific posture. The patient was then 
asked to hold that position and do the same 
thing with the other arm. Five commands 
involved the entire arm, while another five 
involved positioning of the hand and fin- 
gers only. 


Audition 


A verbal dichotic listening task consist- 
ing of 120 competing pairs of consonant- 
vowel nonsense syllables (ba/pa/da/ta/ 
ga/ka) was administered. All patients had 
previously performed without error on a 
binaural practice trial. 


Praxis 


Patients were asked to perform a series 
of 20 common motor acts to verbal com- 
mand. These included axial or “whole 
body” commands, buccofacial commands, 
and upper extremity movements. The limb 
commands included five transitive and two 
intransitive movements and were always 
presented to the left hand first. A pass-fail 
scoring system was applied based on the 
consensus of two trained observers. 


RESULTS 
MRI 


The normal corpus callosum is a 
well-defined structure on both spin- 
echo (Fig 1, patient 30, preoperative) 
and IR sagittal images. Inversion 
recovery images provide better con- 
trast with surrounding brain because 
these sequences emphasize signal 
from the shorter Tl-relaxing myelin- 
ated white matter of the corpus callo- 
sum. After callosotomy two patients 
(cases 9 and 23) were found to have a 
lesion involving all of the corpus callo- 
sum except for the posterior third of 
the splenium (Fig 2). The other five 
patients had lesions that spared the 
splenium and from one third to one 
fifth of the posterior body of the cor- 
pus callosum (Table). Extracallosal 
pathology was identified in cases 9, 20, 
and 27 (Table). Preoperative (Fig 1) 
and postoperative (Fig 3) sagittal 
images of patient 30 illustrate the 
clear definition of the extent of callos- 
otomy, which spared the splenium and 
posterior third of the body in this 
patient. 


Behavioral Measures 


Vision.—All patients successfully 
named objects presented tachisto- 
scopically to either visual field with a 
high degree of accuracy (Fig 4), 
including patients 9 and 23 who had 
minimal residual splenium. Occasion- 
al errors were not consistently later- 
alized to one visual field for any 
patient. These results suggest intact 
interhemispheric transfer in the 
visual modality. In addition, all 
patients were able to compare infor- 
mation presented to both fields simul- 
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Fig 1.—Preoperative magnetic resonance imaging of case 30 demonstrating intact corpus 
callosum. 


Fig 2.—Postoperative magnetic resonance imaging of case 9, demonstrating lesion involving all 
the corpus callosum except posterior third of splenium. Patient 23 had similar lesion. 
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Fig 3.—Postoperative magnetic resonance imaging of case 30, demonstrating extent of 





callosotomy, which spared splenium and posterior third of the body in this case. 


Visual (Tachistoscopic) Naming 


MI Left Visual Field 
W Right Visual Field 
EE] Interfield Comparisons 


100 


% 


80 


60 





Correct, 


407 


20 


Case No. 20 27 28 





29 





Fig 4.—Percent correct scores on tachistoscopic naming task and same-different interfield 
comparisons task postoperatively for all patients. Note that left visual field naming is intact in all 


cases. 


taneously, obtaining perfect or nearly 
perfect scores on the same-different 
task. This control procedure confirms 
that accuracy of visual naming in both 
fields cannot be attributed to bilateral 
language representation. 
Somethesis.—Patients 9 and 238 
failed naming of familiar metal 
objects on palpation with the left 
hand, although these patients per- 
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formed visual-tactile matching accu- 
rately with the left hand and named 
objects palpated by the right hand 
(Fig 5). The other five patients, with a 
maximum of one third of the body of 
the callosum and the splenium intact, 
named objects relatively well with 
either hand, although absolute levels 
of accuracy varied. The lowest scores 
on tactile naming in the anterior 


group were obtained by patient 29, 
although she made nearly equal 
errors with both hands. It should be 
noted that her performance actually 
improved relative to preoperative 
scores, and all errors can be most 
reasonably attributed to her general 
intellectual level and questionable 
motivation. On the intermanual point 
localization task, two of the patients 
with more anterior sections (cases 27 
and 28) performed nearly perfectly 
regardless of which hand was stimu- 
lated (Fig 6), while patients 9, 23, 29, 
and 30, with the most extensive 
lesions, performed poorly. All of these 
patients performed accurately in the 
control condition, which involved 
identifying points on the hand ipsilat- 
eral to the stimulation. Patient 20 was 
not tested on this task. 

Kinesthesis.—Four of five patients 
with the posterior callosum intact 
performed well at matching limb posi- 
tions regardless of which arm per- 
formed the match (Fig 7). Although 
patient 29 made two errors with the 
left arm, this was consistent with her 
preoperative performance. Patient 30 
performed poorly when asked to 
match with the left arm, but this 
deficit was attributed to limitation of 
shoulder movement secondary to an 
early injury of the brachial plexus. 
Patients 9 and 23, with partial spleni- 
um intact, performed poorly on this 
task with both arms; however, more 
errors were made on hand postures 
than arm postures by both patients. 
Preoperative performance had been 
relatively accurate with either hand. 
These data are consistent with inter- 
hemispheric disconnection of position 
sense. 

Praxis.—On the apraxia screening 
test, four of five patients who were 
sectioned anteriorly performed left 
and right limb commands, buccofacial 
commands, and axial (whole body) 
commands without error (Fig 8). 
Patient 20 made one buccofacial error 
and one left arm error on a transitive 
command (dial-a-phone). In contrast, 
patients 9 and 23 performed left limb 
commands poorly with more difficulty 
noted on transitive than intransitive 
items. Data reported for case 9 were 
obtained only two months postopera- 
tively and it should be noted that 
more recent testing has revealed sig- 
nificant improvement in left arm per- 
formance, although some impairment 
is still present six years after surgery. 
Data for case 23 were obtained two 
years postoperatively consistent with 
a relatively permanent disconnection 
effect. 

Audition.—The assessment of audi- 
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tory processing using the consonant- 
vowel syllable dichotic listening test 
yielded evidence of interhemispheric 
disconnection of auditory information 
in five of six cases tested. As seen in 
Fig 9, pronounced suppression of left 
ear stimuli is present in patients 9 and 
23, consistent with other data sug- 
gesting disconnection. However, three 
of four patients with posterior callo- 
sum intact also demonstrated left ear 
suppression on dichotic listening, sug- 
gesting at least partial disruption of 
the interhemispheric auditory path- 
way in these cases as well. The modest 
left ear advantage noted for patient 30 
who was left-handed, appears to sug- 
gest the possibility of right hemi- 
sphere language lateralization. How- 
ever, results of preoperative intraca- 
rotid sodium amytal testing clearly 
document left hemisphere language 
dominance. 


COMMENT 


Our results are largely consistent 
with anatomic studies describing the 
projection areas for fibers in the pos- 
terior corpus callosum’? and confirm 
behavioral reports that have empha- 
sized the importance of this posterior 
region for the interhemispheric trans- 
fer of basic sensory information.” 
Our patients with anterior callosum 
lesions had complete destruction of 
the rostrum and most of the body of 
the callosum with only one third to 
one fifth of the posterior body plus the 
splenium left unsectioned, yet, in most 
instances, normal interhemispheric 
transfer of visual, kinesthetic, and 
complex motoric information was 
demonstrated postoperatively. Diffi- 
culty with intermanual point localiza- 
tion and left ear suppression on dich- 
otic listening was noted in several of 
the patients with anterior lesions, 
suggesting the possibility of partial 
disconnection or disruption of trans- 
fer in these modalities. Two patients 
with only portions of the posterior 
splenium left unsectioned, demon- 
strated disconnection in all modalities 
tested except vision, which appeared 
to be completely intact. 

While these findings are generally 
predictable from the previous litera- 
ture on corpus callosotomy, the dis- 
crepancy between our data that docu- 
ments an absence of left limb apraxia 
with anterior callosotomy and the 
clinical literature that attributes 
apraxia to anterior callosal discon- 
nection,'*’* remains an enigma. It has 
long been established that distal limb 
movements are controlled exclusively 
by the contralateral hemisphere in 
humans.'*'* According to this model, 
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Fig 5.—Postoperative percent correct scores for tactile naming with each hand for all patients 
and tactile-visual matching scores for patients 9 and 23 who were unable to name objects 
palpated by left hand. 
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Fig 6.—Postoperative percent correct scores on intermanual and within hands point localization 


tasks. 
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Fig 7.—Postoperative percent correct scores on posture matching task performed while 
blindfolded. Preopoerative test data are included for cases 9 and 23. 


Case No. 


premotor region as the origin of callo- 
sal fibers communicating intended 
motor acts to the right side, and this 
model has been supported by a num- 
ber of clinical reports that have 
attempted to localize the critical 
apraxia-producing lesion to the ante- 


any left-hand movements carried out 
to verbal command require a transfer 
of critical motoric information from 
the left hemisphere, where the verbal 
message is decoded to the right hemi- 
sphere, which executes the motor act. 
Geschwind” proposed the association 
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Fig 8.—Performance on measures of praxis by all patients postoperatively. Only patients 9 and 23 show 
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Fig 9.—Results of dichotic listening task for six patients postoperatively. Left ear suppression is 
noted in three patients with anterior callosal section. CV indicates consonant-vowel. 


rior half to two thirds of the truncus 
of the corpus callosum.‘ Historic 
reports in support of this theory are 
numerous, dating from Liepmann’s” 
first article to Faglioni and Basso’s”! 
review on the topic. 

In contrast, epilepic patients un- 
dergoing uncomplicated forebrain 
commissurotomy or corpus callosoto- 
my have rarely demonstrated lasting 
left arm apraxia to verbal command, 
presumably secondary to the gradual 
attainment of ipsilateral motor con- 
trol or increased language compre- 
hension in the right hemisphere.” 
Indeed, a similar argument may 
explain our patient 9, who gradually 
recovered left limb control to verbal 
command. However, this does not 
explain why our patients who were 
sectioned anteriorly, with verified 
lesions extending well into the body of 
the callosum, failed to demonstrate 
apraxia, even in the relatively acute 
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phase postoperatively. The frequently 
presented argument that patients 
who were sectioned surgically are not 
representative of normal functioning 
because they are epileptic is not an 
adequate explanation of these dis- 
crepant findings, since the number of 
cases is now considerable and repre- 
sent a varied population in terms of 
seizure histories and extracallosal 
brain damage.” The patients in our 
study had minimal focal lesions by 
MRI and, coincidentally, these were in 
the right hemisphere in all cases. Fur- 
thermore, the contention that brain 
damage of any kind can explain the 
absence of a deficit is illogical. While 
aberrant neuronal connections may 
explain a single unusual finding, it is 
extremely unlikely that abnormal 
development could have replicated 
itself so consistently across individu- 
als. 

Rather, our data suggest a critical 














role for the posterior corpus callosum 
in the normal interhemispheric medi- 
ation of praxis. The importance of the 
left parietal lobe as a possible center 
for skilled movement has been 
acknowledged frequently in the litera- 
ture.”°?+27 In addition, the posterior 3 
cm of corpus callosum has been shown 
to be necessary for effecting control of 
the ipsilateral hand, the rostral callo- 
sum alone, apparently, being insuffi- 
cient for this task.’ Evidence there- 
fore seems to favor a modification of 
theories of apraxia that acknowledges 
the critical role of the posterior cor- 
pus callosum for successful sensory 
motor integration. Case reports of left 
limb apraxia, apparently attributable 
to anterior callosal lesion alone, must 
present anatomic verification that the 
posterior body remains intact and 
rule out the possibility that deficits 
are attributable to hemispheric 
lesions involving the frontal and pari- 
etal regions. 

One other aspect of our data was 
inconsistent with anatomic teachings. 
Three of our patients whose lesions 
were limited to the anterior and mid- 
dle portions of the corpus callosum 
demonstrated left ear suppression on 
the dichotic listening task suggesting 
an interruption in auditory integra- 
tion, consistent with previous re- 
ports.*? However, interhemispheric 
somatosensory functions in these 
patients appeared to be intact (except 
case 29 on intermanual point localiza- 
tion), suggesting that some auditory 
fibers may cross anterior to somato- 
sensory fibers. This is inconsistent 
with Pandya and Seltzer’s' topograph- 
ic map, which shows primary and 
secondary auditory fibers from the 
superior temporal area crossing in the 
caudal portion of the body of the 
callosum, posterior to somatosensory 
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fibers. We believe this discrepancy is 
best accounted for by some overlap- 
ping of these sensory systems in the 
body of the callosum, since in no case 
was complete left ear suppression 
noted in the presence of completely 
intact somesthesis. 

Our findings underscore the impor- 
tance of the posterior body of the 
corpus callosum and the splenium for 
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basic sensory and sensory motor 
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drome or any notable impairment of 
general intellectual abilities, suggest- 
ing that practical consequences of 
anterior callosotomy are minimal. 
However, there is recent evidence that 
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History of Neurology 


A Tribute to Martinus Rulandus 
A 16th-Century Description of Benign Focal Epilepsy of Childhood 


Alexander C. van Huffelen, MD, PhD 


@ There is a tendency to call benign 
focal epilepsy of childhood with centro- 
temporal origin rolandic epilepsy for the 
sake of brevity. Martinus Rulandus, a 
16th-century medical author, deserves 
this homage far more than Rolando. Atten- 
tion is drawn to this 1597 description of 
the disease, which has become the sub- 
ject of many publications since 1952. 
Many characteristics of the disease were 
already noticed about four centuries 
ago. 

(Arch Neurol 1989;46:445-447) 


n the history of medicine there are 

many anatomists, physiologists, 
and clinicians whose names have 
become associated with certain struc- 
tures, functions, or diseases. The pre- 
sentation of new medical findings has 
generated the immortality of many 
authors once their name became 
attached to their discovery. Unfortu- 
nately, this tribute has not always 
been given to the person deserving it 
most. As a consequence, bitter discus- 
sions on priority have not been an 
exception in medical history. 

Nowadays the association of an 
author’s name with a disease is offi- 
cially discouraged. However, not 
infrequently, in practice the name of a 
person is preferred to lengthy official 
and scientific nomenclature. 

These statements may be illus- 
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trated by relating the history of the 
origin of what is now officially called 
benign focal epilepsy of childhood with 
centrotemporal spikes in the “Classifi- 
cation of the International League 
Against Epilepsy.” Such a lengthy 
description asks for abbreviation and 
occasionally reading the naming as 
rolandic epilepsy need not come as a 
surprise.** This homage to Rolando is 
rather unfortunate in view of the fact 
that there is another author who real- 
ly deserves this honor: Martinus 
Rulandus who, in the 16th century, 
gave an accurate clinical description 
of this disease.’ 


SHORT DESCRIPTION OF CURRENT 
CLINICAL DATA 


Benign focal epilepsy of childhood 
with centrotemporal spikes is one of 
the most common forms of epilepsy in 
childhood. Its incidence is about one 
in 1000 children.‘ The patients show a 
normal psychomotor development, 
have no prolonged neurologic deficit, 
and no morphologic brain abnormali- 
ty. There is a male preponderance 
and, in about 30%, there are familiar 
antecedents of epilepsy. The age at 
onset of the seizure disorder ranges 
from 3 to 13 years (mean, 10 years). 
The course is invariably benign, with 
full recovery before the age of 16 
years. The short-lasting seizures have 
a preference for occurring during the 
night and show a good response to 
antiepileptic drug treatment. Charac- 
teristic features of the seizures are as 
follows: unilateral paresthesias in- 
volving the tongue and the lips; hemi- 
facial twitching, spreading to the pha- 
ryngeal muscles, and the ipsilateral 
arm; anarthria (speech arrest) and 


drooling, and preservation of con- 
sciousness. The interictal electroen- 
cephalogram (EEG) shows a normal 
background pattern. There are parox- 
ysmal sharp waves in the centrotem- 
poral regions, with a specific potential 
distribution.” They show a dipole field 
with a negative maximum centrotem- 
porally and a positive maximum fron- 
tally.’ 


RECENT HISTORY 


This syndrome has not come into 
being all at once. Several authors have 
contributed elements to its final 
description. No single author has rec- 
ognized this entity in all its dimen- 
sions. It is interesting to notice that, 
at about the same time, epileptolo- 
gists and electroencephalographers in 
different parts of the world have 
studied the clinical and EEG manifes- 
tations of this syndrome. 

In France, Gastaut’ gave a descrip- 
tion of the EEG features in 1952. She 
called them prerolandic spikes with- 
out focal significance. She apparently 
considered the EEG signs devoid of 
any epileptic significance. Nayrac and 
Beaussart® however, described the 
clinical symptoms associated with 
these EEG features. Several French 
authors‘ reported other features, such 
as the disappearance of the disorder 
at puberty. In the United States, 
Gibbs and Gibbs,’ in their atlas of 
1952, presented several elements of 
the syndrome, although these ele- 
ments were sometimes confused with 
elements from other entities. Due to 
their’ eight-channel montage with 
linked-ears reference, the topography 
of the EEG signs was erroneously 
limited to the midtemporal region. 
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Fig 1.—Title page of Curationum Empirica- 
rum, ninth hundred, published by Martinus 
Rulandus in 1597. 


Lombroso? gave a more precise 
description of these spike foci. In 
agreement with the 1959 publication 
of Gibbs and Gibbs,'! Lombroso” also 
indicated the good prognosis. Bray 
and Wiser,” pointed to the genetic 
cause of these temporal central abnor- 
malities. At the end of the 1960’s the 
most striking features of the syn- 
drome had been recognized and had 
become the subject of many further 
studies.‘ 

Until now, more or less conflicting 
descriptive names for the syndrome 
have been used. The epilepsy has been 
considered as focal or partial. The 
spikes have been located in the mid- 
temporal, the central, and the centro- 
temporal regions. Most French au- 
thors have favored the descriptive 
term rolandic spikes. This probably 
has led to the brief description of this 
syndrome as rolandic epilepsy.** The 
role of Rolando in the context of this 
epileptic syndrome is described. 


ROLANDO 


The fissure of Rolando is named 
after the Italian anatomist Luigi 
Rolando (1773-1831). However, in his 
book on the structure of the cerebral 
hemispheres of 1831, Rolando freely 
acknowledges the priority of the 
French anatomist Vicq d’Azyr in 
describing the fissure in 1796.” Leuret 
in 1839 was responsible for this erro- 
neous tribute to Rolando. According 
to Paul Broca’s explanation in 1876, 
Leuret possessed an edition of the 
works of Vieq d’Azyr that “had been 


446 = Arch Neurol—Vol 46, April 1989 


CVR» EMP. CENT, IX. 157 


aque ipfa mulier lethaliret 
Mi&a his perpaucis & facili- 
bus remedijs mox ad bonam 
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Comitialis. 
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Mairin filius decennis perfæ- Burg! 
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Fig 2.— Curatio XCIX, 99th treatment in Rulan- 
dus’ book of 1597. 


mutilated and falsified by an unscru- 
pulous editor.’ The name of Rolando 
may thus be considered as disputable 
in the context of the fissure. Associa- 
tion of his name with focal epilepsy is 
even more unfortunate. He played no 
role at all in the description of this 
epileptic syndrome, and to relate the 
name of a fissure to epilepsy is rather 
objectionable for the simple reason 
that epilepsy does not originate from 
an empty space such as a fissure, but 
from the brain tissue around it. 

More readily than Rolando’s, the 
name of Rulandus should be men- 
tioned in this context. 


RULANDUS 


Martinus Rulandus (Martin Ru- 
land) was a Bavarian physician who 
was born in 1532.'* He practiced and 
taught medicine at several places. He 
became physician to the courts of the 
Counts of the Pfaltz and the Dukes of 
Bavaria. In 1602 he died in Prague, 
leaving behind a considerable number 
of medical publications. These were in 
high esteem in the medical schools of 
that century and were translated and 
reprinted many times. His writings 
place him close to the Paracelsus 
school. Paracelsus (Theophrastus 
Bombastus von Hohenheim [1493- 
1541]) was a strong opponent of tradi- 
tionalism. He even cast the classical 
works of Avicenna and Galen into a 
bonfire. He propagated the careful 
and independent study of medicine: 
perscrutamini naturas rerum (let us 
thoroughly study the nature of 
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Fig 3.— Curatio XCIX, 99th treatment in Rulan- 
dus’ book of 1597. 


things). He replaced the ancient poly- 
chemical preparation with simple 
essences and tinctures. His therapy 
was based on evacuation of phlegm by 
bleeding, laxatives, emetics, and ene- 
mas. On the other hand, he was con- 
vinced of the influence of the super- 
natural, such as cosmic influences and 
divine providence. 

From 1578 onward Rulandus pub- 
lished in Basel (Switzerland) a series 
of booklets each consisting of 100 case 
histories. A copy of these is present in 
the University Library of Utrecht, the 
Netherlands. In every report Rulan- 
dus added the patient’s name and 
place of residence to indicate where to 
verify the story, not worrying about 
the patients’ privacy. 

The 99th curatio (treatment) from 
the ninth book, published in 1597, 
concerns a case of childhood epilepsy. 
The complete Latin text and its trans- 
lation read as follows: 


Curationum empiricarum et historicarum 
in certis locis & notis hominibus optime 
riteque probatarum & expertarum, centu- 
ria nona. 

Autore Martino Rulando: Frisingense, 
illustrissimorum comitum Palatin. Rheni 
& Ducum Bavariae Medico. 

Cum indice, morbos, symptomata, aegroto- 
rum nomina, loca & medicamenta, iuxta 
numerum curationum continente. Basileae 
[Fig 1]. 

Curatio 99 (XCIX) Epilepsiae, comitialis 
morbi [Fig 2]. 

Optime experta & probata in Oberbechin- 
ga, ubi Burgl Mairin filius decennis per- 
saepe correptus fuit dies noctesque horri- 
bili morbo comitiali, & in paroxysmo ocu- 
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lus sinister, os & manus sinistra convulsa 
est, loquela amissa, brachium sinistrum 
torpuit, sed paroxysmus citissime remisit 
& ad se redijt, nec lapsus est, ut fit in 
graviore epilepsia. 

Curatio pro isto puero suscepta fuit talis 
[Fig 3]. 

Diaeta. Per mensem bibit Aquam decoc- 
tionis florum Tiliae. 


Purgatio. Rec. Spiritus v. A. vne. semis. 
Hoc epoto eiecit permulta foetida, phleg- 
mataq; tenacissima, atque mox loqui coe- 
pit, rectiusq; habuit. 

Dedi post duos dies iterum eiusdem spiri- 
tus drach.ij. per 4. dies, quo optime fuit & 
expurgatus & sanatus. 

Laus soli Deo Deorum esto in omne aeuum, 
Amen. 


The English translation is as fol- 
lows: 


Ninth hundred of empirical and historic 
treatments in established places and 
known people that are well and officially 
proven and experienced by the author Mar- 
tinus Rulandus, from Frisian, doctor of the 
very illustrious Courts of the Pfaltz and 
Dukes of Bavaria. With an index contain- 
ing diseases, symptoms, names of patients, 
places, and medicines as well as a number 
of treatments. Basel. 


Ninety-ninth treatment of a case of epilep- 
sy, of falling sickness. 


That treatment has well been tested and 
proven in Oberbechinga where the 10-year- 
old son of Burg] Mairin was seized on very 
often, both at day and at night, by a 
horrible epileptic disorder. During the sei- 
zure the left eye, the mouth, and the left 
hand convulsed, he lost speech, and his left 
arm became paralyzed. The seizure, howev- 
er, passed off quickly and the boy came 
round without having fallen as occurs in 
more serious forms of epilepsy. The follow- 
ing treatment was attempted in this boy: 


Diet: during one month he drank a concoc- 
tion of lime tree blossom. 
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Purgation: one half ounce of brandy from 
Aloë (1 oz equals 30.76 g). After ingestion 
of this purge he lost very much fetid and 
very solid excrements with phlegm and 
soon he started speaking again and 
improved further. After two days I gave 
him a second time from the same brandy 2 
drachms during four days (1 drachm was 
% oz). Due to this he was well purged and 
cured. Praise be alone to the Lord of Lords, 
for ever and ever, Amen. 


The first part of this history has 
been cited and translated by Temkin." 
He, however, mentioned 1580, and not 
1597, as the year of publication. With- 
out mentioning their source Penfield 
and Jasper’® stated that a “Rolundus” 
in 1580 had described a 10-year-old 
boy who showed convulsive move- 
ments of the mouth, the left eye, and 
hand, while his left arm became stiff 
and his speech lost. Though frequent, 
the fits passed off quickly and he did 
not fall.” Apparently this is a verba- 
tim quotation of Temkin. It is inter- 
esting to notice that the translation of 
the description of the seizure does not 
follow the original sequence: eye- 
mouth-hand, but is given as mouth- 
eye-hand. One is tempted to believe 
that the translator tried to bring it 
more in accordance with a Jacksonian 
march of convulsions. No temporal 
sequence is mentioned by the original 
author. The translation of brachium 
sinistrum torpuit could as well be “his 
left arm became paralyzed.” 

Which arguments are now in favor 
of benign focal epilepsy of childhood 
with a centrotemporal origin? 

First of all, the age of the patient 
and, especially, the benign course 
have to be considered. A symptomatic 
form of epilepsy will not simply be 
cured by the drinking of lime tree 
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Neurological Review 


The Effect of Radiation on Carotid Arteries 


A Review Article 


Kar] E. Murros, MD, James F. Toole, MD 


è The effects of irradiation on blood 
vessels supplying the brain are reviewed. 
Short-term and long-term effects on large 
arteries result in an atheroscieroticlike 
disorder. The response may have a laten- 
cy up to 20 years before the onset of 
symptoms and signs. This delay is proba- 
biy related to the diameter of the irradi- 
ated artery; the interval is longer for larg- 
er arteries. However, it is possible that the 
apparent injury to the large arteries is In 
fact due to occlusion of the vasa vasorum 
because the microvasculature is especial- 
ly vulnerable to radiation damage. 

(Arch Neurol 1989:46:449-455) 


Padiation-induced changes in blood 
vessels have been known since 
Gassmann?! described the histologic 
picture of x-ray damage in small blood 
vessels of the skin. Despite numerous 
publications on radiation-induced 
acute vascular changes, delayed 
effects have not been well studied. 
Human and animal studies show that 
therapeutic irradiation can damage 
large arteries and lead to an athero- 
sclerosislike occlusive disease. Be- 
cause of its increasing recognition and 
importance, we herein review the 
effect of radiation on large vessels, 
with emphasis on carotid arteries. 


ANIMAL STUDIES 


In 1961, Gold? reported atheroscle- 
rotic changes in rat coronary and pul- 
monary arteries induced by 25-Gy x- 
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ray irradiation to the thorax.? Lindsay 
et a? demonstrated injury to elastic 
membranes, intimal thickening, 
plaque formation, and fibrosis of the 
canine aorta after focal x-ray irradia- 
tion. Lamberts and de Boer‘ studied 
the effect of x-ray irradiation on 
carotid arteries of hypercholesterol- 
emic rabbits. After doses as low as 5 
Gy, carotid arteries showed extensive 
changes, with penetration of fat into 
the wall, deposition of lipophages, for- 
mation of atherosclerotic plaques in 
the intima, and structural changes in 
the elastic fibers. The investigators 
suggested that the primary lesion 
probably occurred in endothelial cells. 
Tiamson et al’ exposed the aortic arch 
of the rabbit to 6 Gy and noticed that 
the rabbits on a high cholesterol diet 
showed more extensive atherosclerot- 
ic changes than controls. A similar 
finding resulted in similar studies on 
rats performed by Morrison et al. 
Contrary to rats fed cholesterol-free 
diets, rats given diets containing cho- 
lesterol showed moderate to severe 
atherosclerotic changes. Konings et 
al’ demonstrated activation of lyso- 
somal enzymes in the carotid wall of 
hypercholesterolemic rabbits after x- 
ray irradiation, with concomitant 
infiltration of lipid droplets beneath 
the endothelium. They concluded that 
damaged endothelial cells do not func- 
tion as a barrier against plasma lipo- 
proteins. This lipid infiltration in turn 
causes lysosomal activation and cellu- 
lar proliferation that the investiga- 
tors considered to be the beginning of 
the intimal plaque. In another study, 
Konings et al? reported a great simi- 
larity between the lipid composition 
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of the diet and the content of radia- 
tion-induced plaques in carotid arte- 
ries of the rabbit. Fonkalsrud et al? 
examined progressive changes in 
canine femoral arteries after x-ray 
irradiation. With the use of scanning 
electron microscopy, extensive endo- 
thelial changes were demonstrable 
within 48 hours. The media and 
adventitia evidenced only minimal 
changes during the first week, but 
later medial fibrosis and inflammato- 
ry and hemorrhagic adventitial 
lesions developed. The investigators 
suggested that these delayed changes 
may, for the most part, have been 
caused by injury to the vasa vasorum, 
as had Rubin and Casarett.'° The pri- 
mary pathogenesis of radiation- 
induced atherosclerosislike arteriopa- 
thy in animals is not known, but 
increased endothelial permeability 
probably plays some role.®!* In 
human beings, the pathophysiological 
mechanism of atherosclerosis and 
response to irradiation may differ 
essentially from that of animals, so 
that drawing analogies to human ath- 
erosclerosis must be done with cau- 
tion. 


HUMAN HISTOPATHOLOGY 


Capillary and arteriolar damage is 
a recognized sequel of irradiation. In 
fact, the effectiveness of irradiation is 
directly related to changes in small 
blood vessels.? Gassmann! first 
described the morphological changes 
of irradiated arteries and gave the 
classic description as follows: three 
months after x-ray irradiation, light 
microscopy reveals local dermal 
arteries with degeneration of the 
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Source, y 
Heidenberg et al,!® 1966 
Rotman et al,!? 1969 ` 


Glick, 18 1972 


~ Hayward,'!9 1972 
Swales and Mewett,2° 1972 
‘Levinson et al,?! 1973 


St Louis et al,?? 1974 


Conomy and Kellermeyer,24 1976 
‘Liegel,25 1975 


Bladin and Royle,23 1977 


Silverberg et al,2® 1978 


Eisenberg et al,2” 1978 
Nardelli et al,?? 1978 


McCready et al,2® 1983 


Kearsiey,29 1983 


Marty and Logan, 1984 
Osgood et al,31 1986 


Bergqvist et al,32 1987 


Loftus et ai,34 1987 


and NS, not stated. 


Table 1.—Clinical Data in Cases of Extracranial Carotid Artery 


tPlus indicates present; minus, absent: and question mark, unknown. 


endothelium, vacuolization and thick- 


- ening of the intima, and changes in: 





Interval to Radiation ( 
Sex/Age, y Symptoms, y Dosage, Gy Indication - 
F/33 12 (?) 62.5 | Hodgkin's disease 
F/38 l 31 Unknown _ Tonsillitis 
F/54 16 57 Carcinoma of L vocal 
cord 
M728 <. 28 67 Hyperthyroidism 
M/37 f ' 24 30 Laryngeal papiliomatosis 
M/74 i 25` ` 75 Carcinoma of larynx 
F/54 34 116 Carcinoma of R parotid 
: - gland 
F/68 +» 82 Unknown Hyperthyroidism 
M/32 24. l Unknown Laryngeal papillomatosis 
M/39 . 18 Unknown Giant- follicular lymphoma 
F/28 1 72 Hodgkin's disease + 
M/50 l - 45 Unknown . Lymphoma l 
F/62 ` ; 57 ~ Unknown Lymphoma 
M/58 Unknown Unknown Cervical 
> tymphadenopathy 
M/46 19 Unknown Carcinoma of R tonsil 
M/72 18 Unknown . Fibrosarcoma of 
E mandible 
M/46 6 44 Hodgkin's disease 
F/32 l 1.6 565 Nodular histiocytic 
‘ ; _ lymphoma 
M/52 30- : 46° Hodgkin’s disease 
F/55 a. Unknown Carcinoma of breast 
F/50 7 42.9 Hodgkin's disease 
F/70 — 24 Unknown Carcinoma of breast 
F/52 -> ' 2 55 Carcinoma of breast Á. 
F/60 8 68.2 Carcinoma of larynx 
M/42 14 120 Carcinoma of thyroid 
gland 
M/72 r © 9 60.5 Carcinoma of pyriform 
; fossa 
M732 , 27 54 ‘Laryngeal! papillomatosis 
M/44 7 -75 Hodgkin's disease 
F/24 l 24 Unknown Cutaneous angiomas 
M/67 17 55 Lymphosarcoma ` 
M/64 i 17 66 Carcinoma of L vocal 
; cord 
F/48 . 0.5 Unknown Carcinoma of breast 
F/38 19 100 Hodgkin's disease 
M/27 í 15 60 Nasopharyngeal 
; lymphoepithelioma 
M/87 ` 13 50 Carcinoma of larynx 
F783 22 73 l Sarcoma of tonsilla 
F/59 27 50 Carcinoma of larynx 
M/60 - 10 60 Lymphoma 
M/41 23 Unknown _ Hodgkin's disease 
“CCA indicates common carotid artery; ICA, internal carotid artery; ECA, external carotid artery; TIA, transient ischemic event; Occl, occlusion; Sten, stenosis; 
the basement membranes, and subin- mal foam cells in moderately sized 
timal foam cells.’ Foam cells, closely vessels are stated to be diagnostic of 
resembling circulating lipid-laden radiation effect.!” l pa 


elastic fibers. Electron microscopy 
demonstrates swelling and detach- 
ment of endothelial cells, splitting of 
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macrophages, may reflect some form 
of atherosclerosis.” In man, subinti- 


There is agreement that irradiation 
has less effect on large arteries.!™? 


Irradiation cf Carotid Artery—Murros & Toole . 


- Occlusive Disease Following Cervicai/Supraclavicular irradiation * 


| 


Symptoms 
Leading to 
Carotid Evaluatian 


Not stated 


Attacks of blindness of L eye, 
weakness of L isg 


Hemiplegia of L side 


Attacks of weakness of L side 
Amaurosis fugax of L eye 

R hemiparesis 

Attacks of blindness of R eye f 


Drop attack 
Lightheadedness, headache 


Episodes of blurred vision 
R hemiparesis 

Amaurosis fugax 

Acute blindness of L eye 
R hemispheric TIAs 


Hemiplegia of L side 
R hemispheric TlAs 


Headache, bilateral carotid bruit 
Amaurosis fugax of L eye 


Amaurosis fugax of R eye, hemispheric 
TIAS 


Hemiparesis of L side 

TIA (dysphasia, R arm weakness) 
Weakness of L arm and dysphasia 
Amaurosis fugax of R eye 
Amaurosis fugax of R eye 
Hemiparesis of L side 


Dizzy spells with blurred vision 


Episodes of R hemiparesis resulting in 
hemiplegia . 


Amaurosis fugax of L eye 
NS 
NS 
Episodic blurring of R eye 


2 episodes of tingling of L side with 
slurring of speech 


Amaurosis fugax of R eye 
Hemiplegia of R side 


“L TIA” 
L hemiparesis 


et TIA” 4 
Quadrantanopsia of R eye 


Aphasia, numbness of R arm and face 


Acute lesions are found rarely. Mar- 
cial-Rojas and Castro! described six 
patients who received 20 to 75 Gy to a 
cervical neoplasm and were also sub- 
jected to radical neck surgery. After a 
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Angiography 
Sten bcth CCAs 
L CCA Ocel; R CCA Sten 


Occl bo-h CCAs 


Sten boh CCAs 

Occl both CCAs 

Sten both CCAs and ICAs 
R ICA Sten, R ECA Ocol 


Sten both CCAs 
L CCA Ceci; R CCA Sten 


R CCA Sten; R ICA Ocel 
L ICA Oci 

Occl both CCAs 

Occl both CCAs 

R CCA asd ICA Sten 


R CCA and L ICA Ocel, 
L CCA Sten 


R CCA ard ICA Sten 


L ICA Sten, R ECA Sten 
L ICA Occi 


R ICA Ster 


L bifurcation Sten 

L GCA Qc 

R CCA Sten 

R bifurcation Sten 

Sten both ICAs 

Ocel both [CAs and ICAs 


Sten both OCAs, R ICA 
Sten 


L CCA and ICA Sten, 
RICA Stan 


L ICA Occl, L ECA Sten 
L ICA Occi 

R CCA Sten 

Sten both CCAs 


Ulcerated p aque of R ICA 


Ulcerated plaque of R CCA 


L CCA Occ! R ICA Sten 


Plaque in bcth ICAs 


R CCA Occi L CCA and 
ICA Sten 


L CCA Sten 


R CCA Sten, R ICA Ocel, 
L ICA Ster 


Sten both ICAs 


delay of a few weeks, the patients 
suffered a lethal carotid artery rup- 
ture. Intimal necrosis, fragmentation 
of elastic fibers, and infiltrations of 
leukocytes were the main features. 


Treatment and 
Microscopie 
Report (+/~-)t 
NS (+) 


Endarterectomy and 
bypass graft (+) 


Conservative (+) 


Endarterectomy (+) 
NS (—) 
Endarterectomy (+) 
Conservative (—) 


Bypass graft (+) 


Bypass graft (R 
subclavian) (—) 


NS (+) 

Conservative (+) 
Conservative (aspirin) (—} 
Conservative (—) 

Bypass graft (+) 


Conservative (—) 


Conservative (aspirin and 
dipyridamole) (—) 


Endarterectomy (—) 
Conservative (—) 


Endarterectomy (—) 


Endarterectomy (—) 
Conservative (—} 

Endarterectomy (—) 
Endarterectomy (—) 
Endarterectomy (—) 


Bypass graft (R 
subclavian ICA} (--) 


Endarterectomy (—) 


Reconstructive surgery 
(+) 

Conservative (aspirin) (—) 

Conservative (—) 

Conservative (—} 

Conservative (aspirin) (—) 


Endarterectomy (—)} 


Endarterectomy (—) 
Conservative (~) 


Endarterectomy (—) 
Conservative (—) 


Crossover graft (—) 
Endarterectomy and 
aspirin (+) 


Bypass graft and aspirin 
(--) 


Short-term 
Outcome 


Died 2 mo after angiography 
Died 7 wk after operation 


Died 2 wk after stroke 


Good 

NS 

Good (7} 

Good; occasional symptoms 


Good 
“Improvement” 


Died of myocardial infarction, age 48 y 
Died 10 wk after stroke 

Good 

Progressive psycho-organic syndrome 
NS 


Died 11 y after stroke 
NS 


Good 
Good 


Good 


Good 

Good . 

Stroke 2 y after operation 
NS 

Postoperative thrombosis 
Psycho-organic syndrome 


Symptoms decreased 
Gradually improved 


Good 
NS 
NS 
Good 


NS 


Good 
Gradually improved 


NS 
NS 


NS 
Good 


Good 
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However, all patients had had a fistu- 
la, sinus, or an infection in the af- 
fected area. In analysis of similar 
cases, Farjardo and Lee concluded 
that rupture is usually caused by local 
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Table 2.—Clinical Data for Cases of Distal Carotid 


interval to Radiation 
Source, y Sex/Age, y Symptoms, y Dosage, Gy Indication 
Darmody et al,°5 1967 F/27 ae: Aa 105 Pituitary tumor 
_ Lee and Hodes,3® 1967 ` © M/6 3o 55 Optic glioma 
Hilal et al,37 1971 F/16 10 30 Optic glioma 
M714 7 NS Optic glioma 
Taveras,*® 1969 F/7.5 7(?) NS Facial hemangioma 
“© DeBrun et al,99 1975 M/1 6 mo 55 Hypothalamic glioma 
Painter et al,4° 1975 ~ 7 MIB 7 60 Optic glioma 
F/7 l 5 50 Retinoblastoma OS 
Klatte et al,*' 1976 M/7 | NS -24 Optic glioma 
Wright and Bresnan,** 1976 ~ F/6 §.5(?) 10 Hemangioma of forehead and face 
Servo and Puranen,“ 1978 M/17 16 - + 42 Optic glioma 
Mori et al,44* 1978 M/ 12: 2 - 66 Cranicpharyngioma 
M/34 11 104 Suprasellar germinoma 
F/3 1 $ 50 Astrocytoma of L basal ganglia 
Rajakulasingam et al,4° 1979 M/3 2y9mo 46 Glioma of R basal ganglia 
F/3.5 3 : 48 Optic glioma 
M/5 4 48 Optic glioma 
Brant-Zawadzki et al,4® 1980 M/39 - 11 69 Oligodendroglioma of R insula 
Montanera et al, 47 1985 M/24 15 52.5 . Ganglioglioma of L temporal region 
M/32 20 45 Suprasellar tumor (histology 
. unknown) - 
Hirata et al,*8 1985 F/10 5 47 Optic glioma 
F/21 8 mo 50 Supraseliar germinoma 
Okuno et al,4? 1985 F/§ 2 48 Optic glioma 
Optic glioma 


F/7 > 6 45 


*ICA indicates internal carotid artery; Ocel, occlusion; Sten, stenosis; NS, not stated; ACA, anterior cerebral artery; MCA, middle cerebral artery; GM, grand mal. 


-¢ 7 


conditions independent of irradia- 
tion. 

The occasional case reports on radi- 
ation-induced carotid artery disease 
often lack histologic descriptions. 
Heidenberg et al reported arterio- 
graphic and autopsy findings for a 
patient who had received 62.5 Gy to 
left cervical and mediastinal regions 
(Table 1). At autopsy, ‘the left common 
carotid artery was embedded in a 
dense, fibrous mass. Extensive fibro- 
sis of the vessel wall characterized the 
histologic picture. In a report by Rot- 
man et al,” severe atheromatous 
plaque and calcific atherosclerosis, 
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restricted to the field of irradiation, 
were the main ‘histologic findings for 
the common carotid ‘artery. Glick 
found accumulations of fat-laden 
macrophages, atheromatous material, 
and calcification in the intima of the 
affected common carotid arteries. The 
internal elastic lamina was fragment- 
ed with degeneration of elastic fibers. 
Small arteries around the carotid 
artery showed wall fibrosis. 
Hayward’ described similar 
changes of atherosclerosis and elastic 
degeneration. In one patient of Swales 
and Mewett,” microscopic character- 
istics of the occluded carotid arteries 


were not reported, but multiple cho- 
lesterol emboli were seen in the left 
retina. Two patients of Levinson et 

al, one patient of St Louis et al,” and 
one patient of Bladin and Royle” had 
carotid changes histologically in 
accordance with severe atherosclero- 
sis. Lethal thrombotic occlusion of the 
internal carotid artery des¢ribed by 
Conomy and Kellermeyer™ differs 
from other cases in regard to the 
length of the symptom-free period. 
Microscopy revealed subintimal fibro- 
sis and fragmentation of elastic mem- 
branes without any atherosclerotic 
changes. This case probably repre- 
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Artery Occlusive Disease Following Cranial irradiation * 


Symptoms Leading to 
Carotid Evaluation 


Episodes of L weakness followed by 
hemiplegia 
NS 


Headache 

NS 

Headache 
Hemiplegia of R side 


GM seizure, R hemiparesis 
Hemiplegia of L side 


NS 
Hemiparesis of R side 
Headache 

Hemiplegia of R side 
Hemiplegia of R side 


Episodes of aphasia followed by hemiplegia of 
"R side 
Hemiparesis of L side 


GM seizure 
GM seizure 


Hemiparesis of L side, mental deterioration 
Seizures i 
Dysphasia, worsening of visual acuity 


Amaurosis fugax of R eye, headache 


Hemiparesis of R side 


Episodes of R-sided weakness followed by 
mild hemiparesis 


Headache, seizures, hemiparesis of R side 


sents a subacute phase in evolution of 
radiation-induced delayed vasculopa- 
thy. Reports of Liegel,” Silverberg et 
al,” Eisenberg et al,” McCready et al,” 
Kearsley,” Marty and Logan,” Osgood 
et al, and Bergqvist et al” do not 
include histologic examinations. In 
the study by Nardelli et al, the 
microscopic examination of the dis- 
eased carotid bifurcation showed 
Sclerocalcific plaques of ‘the vessel 
wall and a thickened and fibrotic tuni- 
ca externa. The various histologic lay- 
ers were fused, and internal ‘elastic 
lamellae could not be visualized. 
Recently, Loftus et al* described. two 
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Carotid Angiography 


Sten of supraclinoid segment of R 
ICA, Occi of R MCA 


Occl of supraclinoid segment of R 
ICA, moyamoya vasculature 


-Ocel of supraclinoid segment of R 
‘ICA, moyamoya vasculature 


Occi of supraclinoid segment of R 
ICA, moyamoya vasculature 


Occi of supraclinoid segment of both 
iCAs, moyamoya vasculature 


Sten of supraclinoid segment of L 
ICA, moyamoya vasculature 


Sten of supractinoid segment of L ICA 


Sten of supraclincid segment of R 
ICA, Sten of ACA and MCA 


Ocel of supraclinoid segment of both 
ICAs, moyamoya vasculature 


Occi of supraclinoid segment of ICA, 
moyamoya vasculature 


Ocel of L ICA at origin of ophthalmic 
artery; moyamoya vasculature 


Sten of supraclinoid segment of both 
ICAs, moyamoya vasculature 


Occl of supraclinoid segment of L 
`- ICA, moyamoya vasculature 


Occi of supraclinoid segment of left 
IGA, moyamoya vasculature 


Occ! of supraclinoid segment of ICA, 
moyamoya vasculature 


Occl of both ICAs distal to ophthalmic 
artery, moyamoya vasculature 


Sten of L ICA distal to ophthalmic 
artery, moyamoya vasculature 


Occl: of supraclinoid segment of R ICA 

Oceli of supraclinoid segment of L ICA 

Occi of L ICA at origin of ophthalmic 
artery 

Occl of both ICAs at origin of 
ophthalmic artery, moyamoya 
vasculature 


Occi of supraclinoid segment of L ICA 


Occl of supraclinoid segment of both 
ICAs, moyamoya vasculature 


Occi of both ICAs above origin of 
ophthalmic artery, moyamoya 
vasculature 


patients with radiation-indueed ath- 
erosclerosis. In one, atherosclerotic 
and fibrotic changes of the diseased 
carotid artery were documented by 
microscopy. 

In addition to the extracranial 
involvement, the intracranial part of 
the carotid vasculature may be dis- 
eased as well. Reported cases with 
involvement of the distal internal 
carotid artery are listed in Table 2. 
None provides histologic descriptions 
of the diseased internal carotid 
artery. In two (Darmody et al. and 
Brant-Zawadzki et al“), microscopic 
findings of the concomitantly affected 
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Outcome 
NS 


NS 
NS 
“NS 
NS 
Progressive mental deterioration 


“Unchanged” 
Gradually improved 


NS 

Symptomiess 

NS 

Died 

Died 7 mo after stroke 
NS 

NS 

NS 

NS 


Died 11 y after radiation therapy 
Good 
Good 


NS 


“Unchanged” 


Episodes of L-sided weakness 
at age 7, mild hemiparesis of 
R side, still L 


Episodes of trembling of l. hand 
at 13, mild hemiparesis of R 
side, still L 


middle cerebral arteries are available. 
Extensive fibrosis of the vessel wall 
was the main feature in both cases. 
Kagan et al” reported a case of intra- 
cranial foam cell arteritis after irra- 
diation for Hodgkin’s disease. Howev- 
er, the patient did not receive crani- 
ally targeted irradiation. Reported 
vascular findings probably reflect a 
mechanism different from cases dis- 
played in Table 2, in which 17 of 24 
cases showed moyamoya vasculature 
on arteriography. Unfortunately, all 
these case reports: lack histologic 
descriptions. 

Delayed symptoms after irradiation 
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of the cerebrovasculature may te be 


caused by vasculopathy of smaller’- 
arteries. Brain tissue necrosis, the,’ 
ultimate result of radiation-induced | 


vasculopathy, is reported to be a late 
complication of irradiation for cere- 


bral" and scalp? neoplasms. Vascular . 


changes of small arteries include 
fibrinoid necrosis, endothelial dam- 
age, adventitial fibrosis, and perivas- 
cular infiltrates of lymphocytes. = 
Generally, damage to the veins has 
received little attention in the litera- 
ture, although irradiation may induce 
changes in veins similar to those in 
arteries.°>? 


CLINICAL ASPECTS 


Tables 1 and 2 summarize the clini- 
cal data for extracranial and intracra- 
nial carotid occlusive disease follow- 
ing external irradiation. Lymphomas 
and carcinoma of larynx in cervically 
irradiated patients, contrary to optic 
gliomas in cranially irradiated pa- 
tients, have been the most frequent 
underlying conditions. On the basis of 


published data, patients with extra-. 


cranial and intracranial carotid occlu- 
sive disease differ from each other 
according to mean age (50 vs 14 years) 
and time interval to symptoms (19 vs 
seven years). As a whole, hemispheric 
transient ischemic attacks, hemi- 
spheric strokes, amaurosis fugax, and 
seizures are the major presenting 
symptoms and signs. At arteriogra- 
phy, occlusion or extensive stenosis- of 
the common carotid artery is found in 
. àbout half of the cases in cervically 
irradiated patients. Moyamoya vascu- 
lature. occurs often in patients with 
intracranial involvement, and inter- 
estingly enough, in all ‘reviewed cases, 
angiography at the time of original 
diagnosis did not reveal any stenoses 
or occlusions in six.** Endarterecto- 
my, bypass grafting, and medical 
therapy (aspirin) have been the usual 
treatments for extracranial disease. 
Periarterial scarring is a common 
finding, with changes restricted to the 
areas of irradiation. Treatment has 
been empirical and long-term follow- 
up data are defective, so that conclu- 
sions regarding mance meat are 
speculative. 


pS COMMENT 
j i 


` Effects on microvasculature, gener- 
ally, are the most important factors 
in. delayed nonstochastic. effects of 
radiation,“ but large arteries can al- 
so be affected. In addition to the 
carotid artery, the pulmonary," 
- ecoronary,”°*" . aortic,’** — subclavi- 
an,,1617.22.59.60 vertebral, mesenter- 
ic, and iliac and femoral”**° arte- 
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ries have been reported to be dam- 


. aged. Of special interest is the study 


by Brosius et al, which analyzed the 
cases of 16 young patients who 
received more than 35 Gy to the heart 
up to 12 years before death. In six, one 
or more coronary arteries were 
severely narrowed by atherosclerotic 
plaque at autopsy. Review: of case 
reports and animal studies on carotid 
artery abnormality following irradia- 
tion suggest that it accelerates ath- 
erogenesis. Fibrotic and atheroscle- 
rotic changes of the carotid wall are 
the characteristic features. Aggregate 
data show that in extracranial carotid 
disease there is no sex difference with 


respect to latency of symptoms (mean | 


latency of 20 years in men and 19 
years in women for extracranial dis- 
ease), reflecting the close association 
between irradiation and carotid 
artery disease. In contrast, patients 
with intracranial carotid disease are 
younger, with a shorter symptom-free 
latency period, In reviews of brain 


` yasculopathy and necrosis induced by 


therapeutic irradiation, symptoms 
developed within a range of. four 
months to four years.” The interval 
from irradiation to symptomatic vas- 
cular disease seems to be directly 
related to the diameter of the irradi- 
ated artery, being longer for larger 
arteries. Therefore, younger patients 
may have a shorter symptom-free 
period because they have smaller 
arteries. Adults with irradiated intra- 
cranial neoplasms may die before 
clinical manifestations of induced dis- 
tal internal carotid disease can mani- 
fest.. 

Although mean adaon dosage 
was similar in both sexes, exceeding a 
mean 50 Gy in extracranial and intra- 
cranial carotid damage, drawing any 
conclusions must be done with caution 
because the type of irradiation, size of 
portals, frequency, and duration of 
therapy varied from patient to 
patient. However, it is possible that 
injury to microvasculature is the most 
important underlying mechanism for 
injury in large arteries. Vasa vasorum 
of the carotid wall may be as vulnera- 
ble to irradiation as is intracranial 
microvasculature and play an impor- 
tant role in pathogenesis of arterial 
change. In addition, arteries of young 
children may be ‘more vulnerable to 
radiation effects, as some cases indi- 
cate. | 


The delayed effects of irradiation. 


on cerebrovascular morbidity and 
mortality are not well ‘studied. 
Although several case reports suggest 
an association between strokes and 


< carotid irradiation, large population- 


based studies are lacking. Elerding et 
al® studied 910 patients surviving at 
least five years after cervical irradia- 


‘tion. The incidence of stroke in the 


study population was not significantly 
different from that expected in con- 


trols. Aggregate data reported in our 


review suggest, however, that much 
longer follow-up times are needed to 
prove such relationships statistically. 
The possible etfects of moderate and 
low-dose radiation are even more 
speculative. The lowest dose that 
induced carotid damage was 10 Gy.” 
In animals, 5 Gy can induce severe 
changes in carotid arteries.‘ Observed 
cerebrovascular death rates of atomic 
bomb survivors, exposed to an esti- 
mated radiation dosage ranging up to 
4 Gy in Hiroshima and Nagasaki, 
Japan, do not seem to differ from 
expected death rates. In a 29-year 
follow-up, radiological technologists 


-exposed to low radiation did not die of 


vascular diseases of the central ner- 
vous system more than controls.” A 
study of overall and cause-specific 
mortality among 954 Canadian mili- 
tary personnel exposed to low-dose 
radiation did not reveal any differ- 
ence between the exposed and the 
controls in a mean follow-up of about 
26 years.“ However, epidemiological 
data: regarding possible radiation 
effects on cerebral vasculature are 
often lacking, as in the case of nuclear 


fallout. It would be interesting to see 


whether cerebrovascular disease is 
accelerated in people exposed to radi- 
ation following the Chernobyl and 
other nuclear disasters. 
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The Alien Hand Syndrome 


Clinical and Postmortem Findings 
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@ Two patients had automatoniike 
movements of their left hands and arms 
{alien hand syndrome) following damage 
to the brain. Autopsy findings in one 
patient demonstrated gunshot wound 
damage to the medial frontal white matter 
bilaterally, as well as the corpus callosum, 
right basal ganglla, internal capsule, and 
thalamus. The other patient had a rup- 
tured anterior communicating aneurysm, 
with subsequent resection of the right 
frontal gyrus rectus. We postulate that 
this syndrome is due to the combination 
of a partial callosectomy and mesial fron- 
tal lesions. 

(Arch Neuro! 1989;46:456-459) 


Two patients had automatonlike 

movements and uncooperative þe- 
havior of the left arm and hand fol- 
lowing brain injury. Similar cases 
have been referred to as the alien 
hand syndrome. The cause of the 
syndrome is uncertain, but it is con- 
sidered, at least partly, to be a discon- 
nection syndrome. Previously de- 
scribed cases have implicated the 
medial frontal lobes and/or anterior 
corpus callosum, but autopsy studies 
have been lacking in evidence. We 
describe herein the elinical and patho- 
logic features of these cases and try to 


relate them to previously described - 


cases. 


REPORT OF CASES 


Cast 1.—A 39-year-old (at the time of 
injury), right-handed woman had attended 
grade school and worked as manager of a 
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snack bar until she suffered a gunshot 


. wound to the head in 1971. The bullet 


entered the skull above the right orbit and 
traversed the brain. Surgical findings 
revealed destruction of the right orbital 
plate of the frontal bone with periorbital 
tissue pushing upward from the orbit. Both 
proximal anterior cerebral arteries were 
clipped to control bleeding. Postoperative- 
ly, the patient was blind in the right eye 
and had left hemiparesis and left hemia- 
nesthesia. A few months later, she noticed 
that her left arm began to move “on its 
own.” The left hand would tenaciously 
grope for and grasp any nearby object, pick 
and pull at her clothes, and even grasp her 
throat during sleep. These autonomous left 
arm and hand movements tended to occur 
in bouts usually signaled when her hand 
did “silly things” such as scratching her 
knee. She slept with the arm tied to pre- 
vent nocturnal misbehavior. She never 
denied that her left arm and hand belonged 
to her, although she did refer to her limb 
as if it were an autonomous entity. She 
recovered her ability to walk, but the 
autonomous arm movements persisted 
unchanged until her death in 1983 due 
to metastatic adenocarcinoma of the 
breast. 

We examined her for the first time in 
October 1983. She was alert, sitting with 
her left hand tucked into her right axilla. 
She was oriented for time, place, and per- 
son and was slightly euphoric. She was 
talkative and not aphasic, but she had a 
mild dysarthria. She could name objects 
and parts of: objects presented visually, 
and she could identify objects placed in her 
right hand while her eyes were covered. 
Tactile naming was much poorer (at 
chance level) with her left hand. With her 
eyes still covered, she was asked to identify 
by touch a set of objects that had just been 
put in her hand. She did well when the 
objects were placed in her right hand but 
poorly when they were placed in her left 
hand. Auditory comprehension and calcu- 


lation were normal, but she showed right- 


left confusion. 

She performed gestures well, 
spontaneously or on command (eg,: “sa- 
lute,” «sg 
with her right arm but not with her left 
one. Similarly, mirror movements were 


either _ 
_ male, 
‘complained of headaches, neck stiffness, 
‘nausea, and vomiting for one month and 


show how you would use a key”), ` 


impossible with the left arm. 

Her memory was intact, but she had 
difficulty recognizing familiar faces. Spon- 
taneous and copied drawings showed obvi- 
ous left-sided neglect. There was optic 
atrophy on the right side with a Marcus 
Gunn pupil and no vision, palsy of the right 
trochlea, and decreased sensation over the 
right ophthalmic trigeminal distribution. 
She had a left hemianopia, weakness of the 
lower facial muscles on the left side, and a 
minimal to mild left hemiparesis. 

Placed in the patient’s lap, the left arm 
often moved to her right axilla. The patient 
claimed this movement was involuntary. 
The left hand tenaciously grasped objects 
and groped actively for objects to grasp, 
such as clothing and bed rails. These grop- 
ing movements corsisted of rapid opening 
and closing of the fingers while the hand 


. crept forward. 


The patient’s legs were weak bilaterally. 
Her reflexes were brisker on the left side, 
with a left-sided Babinski’s sign. She had 
no grasp on the right side and no suck, 
snout, or glabellar reflex. She had a left 
hemianesthesia. 

Bone scan and spine films, as well as 
myelograms, revealed metastases in the 
upper vertebral bodies, which were 
thought to account for the right leg’ weak- 
ness. Chest x-ray films revealed metastatic 
lung lesions. Electroencephalograms, both 
awake and asleep, demonstrated groups of 
high-amplitude theta waves in the right 
frontal region. These slow waves were not 
associated with her hand movements. A 
head computed tomographie (CT) scan 
revealed bifrontal encephalomalacia, more 
pronounced on the right side, and lucency 
in the anterior part of the corpus callosum 
(Fig 1). A cerebrospinal fluid sample dem- 
onstrated the following values: leukocytes, 
1 x 10°/L (a lymphocyte); protein, 1.87 g/L; 
and glucose, 4.7 mmol/L. l 

The patient was treated with radiation 
and chemotherapy. She died of cardiopul- 
monary arrest during an admission for 
chemotherapy 13 years after the gunshot 
wound. 

_ CASE 2.—A 40-year-old right-handed, 
college-educated draftsman had 


had been subsequently treated for “gastro- 
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enteritis.” In July 1986, following a sudden 
increase in the severity of headache, he 
rapidly became comatose. On arrival at the 
medical center, he was unresponsive except 
for grimace to painful stimuli. He had a 
stiff neck, papilledema, and bilateral 
Babinski’s signs. The brain-stem reflexes 
were intact. There was resistance to move- 
ment of all four extremities. Computed 
tomographic scans showed subarachnoid 
hemorrhage with blood in the lateral and 
third ventricles but none in the brain 
parenchyma. Angiograms revealed a large 
aneurysm of the anterior communicating 
artery at the junction of the right anterior 
cerebral artery, with spasm of the left 
anterior cerebral artery, middle cerebral 
artery, and distal internal carotid arteries. 
The following day, the aneurysm was 
clipped in the chiasmatic cistern along the 
right optic nerve. A “moderate amount” 
of the right gyrus rectus was also re- 
sected. 

Following surgery, the patient developed 
a progressively dilating right pupil; a right 
temporal lobectomy was performed, in 
which a piece of anterior temporal lobe, 
measuring 4.5 X 3.2 X 1.5 cm, was removed. 
By the next day, the patient was awake. He 
was moving all four extremities spontane- 
ously, and he could follow simple com- 
mands with the right, but not the left, 
hand. He was also mute. Only after two 
weeks was he able to follow commands 
with his left hand. One month after admis- 
sion, a ventriculoperitoneal shunt was 
placed through a left approach to alleviate 
progressive hydrocephalus. 

He remained severely abulic, initiating 
neither activities nor speech for two 
months following admission. During the 
next month he improved markedly. He 
began to complain of difficulty getting his 
left arm and hand to obey him, especially 


in tasks requiring bimanual cooperation. 
For example, while cutting meat at dinner, 
he had difficulty getting the left hand to 
relinquish the fork to the right hand. His 
left hand would sometimes pick up a food 
item and try to put it in his mouth while 
the right hand was attempting the same 
maneuver, resulting in a collision. Some- 
times the left hand would pick up a cup and 
move it into the path of the right hand so 
as to interfere with eating. While playing 
checkers on one occasion, the left hand 
made a move that he did not wish to make, 


and he corrected the move with the right 
hand; however, the left hand, to the 
patient’s frustration, repeated the false 
move. On other occasions, he turned the 
pages of a book with one hand while the 
other one tried to close it; he shaved with 
the right hand while the left one unzipped 
his jacket; he tried to soap a washcloth 
while the left hand kept putting the soap 
back in the dish; and he tried to open a 
closet with the right hand while the left 
one closed it. He reported that usually he 
could eventually make the left hand coop- 





Fig 1.—Computed tomographic scans of case 1. Note area of low density (path of bullet) in 


coronal (left) and horizontal (right) views. 


Fig 2.—Left, Computed tomographic (CT) scan of axial section showing damage to frontal lobes and 
corpus callosum (case 2). Dotted line indicates position of coronal section. Top right, CT scan of coronal 
section showing damage to corpus callosum (case 2). Bottom right, CT scan of sagittal section 5 mm right 
of midline showing damage to frontal lobe and corpus callosum (case 2). 
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Fig 3.—Top left, Coronal section at level of genu of corpus callosum. Note extensive area of encephalomalacia, partially 





cavitated and involving right subcortical white matter extending to left side and passing through genu of corpus callosum. Top 
right, Coronal section at level of mamillary bodies. Note irregular cavity in right centrum semiovale with atrophy and 
degeneration of corpus callosum, right thalamic nuclei, portions of adjacent pyramidal tract, and dilation of right lateral 
ventricle. Bottom left, Coronal section at level of red nuclei. Area of encephalomalacia is evident in right thalamus. Corpus 
callosum is very thin, and cavity extends through subcortical white matter. Bottom right, Coronal section passing through 
splenium. Note extensive atrophy and degeneration of corpus callosum. 


erate if he persisted with a task. It was 
noted that often while he was doing a task 
with the right hand, the left one grasped 
and manipulated nearby objects, which 
often hindered the work of the right hand. 
To a lesser extent, the left leg was also 
affected, once attempting to ascend while 
the patient was descending stairs. 

When we examined him, his affect was 
flat, and he was inattentive and showed 
some motor impersistence. He was ori- 
ented to time and place but not to day of 
the week, and he could speak, name, under- 
stand, and read normally. He performed 
simple commands well with his right hand 
but had some difficulty showing how to use 
scissors or how to turn a key with the left 
hand; he could, however, show with some 
delay how to salute and to brush his teeth. 
When he was asked to put on a shirt held in 
front of him, the left arm thrust into the 
right sleeve. The patient said, “That is 
wrong.” Asked why, he replied, “It will be 
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on backwards.” However, he was unable to 
make the left arm withdraw for several 
moments. He did not have the feeling that 
the left arm did not belong to him. It was 
often easier for him to perform some tasks, 
such as repetitive tapping, with the left 
foot than with the left hand. There was no 
grasp, snout, or suck reflex, although he 
had a Myerson’s sign. Visual fields and 
cranial nerve functioning were normal. He 
had no hemiparesis or spasticity. The 
reflexes were brisk bilaterally, with bilat- 
eral Babinski’s signs. There was extinction 
to double simultaneous stimulation on the 
left side, and he had more difficulty identi- 
fying objects placed in the left hand than 
when placed in the right one, although he 
often did it correctly. His gait was slow 
and wide based. 

A CT sean obtained four months follow- 
ing the hemorrhage showed radiolucent 
areas in the medial frontal lobes bilateral- 
ly as well as damage to the genu and 


anterior portion of the body of corpus 
callosum (Fig 2). 


PATHOLOGIC FINDINGS 


The general autopsy findings in 
case 1 showed an infiltrating, well- 
differentiated adenocarcinoma of the 
left breast with metastases to the 
lung, liver, kidneys, adrenal glands, 
and lumbar vertebrae, as well as dis- 
semination through the subarachnoid 
space. 

Gross neuropathologic examination 
of the formalin-fixed brain sections 
revealed normal dura mater and blood 
vessels and both thickened and 
opaque basal leptomeninges. The vol- 
ume of the right frontal lobe was 
reduced, and the right frontal pole 
showed a brown-stained area of corti- 
cal encephalomalacia. The right orbi- 
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tofrontal cortex, including the gyrus- 


rectus, was shrunken and retracted, 
and it had a brownish discoloration 
extending 3.2 X 2 cm. Coronal sections 
demonstrated encephalomalacic cavi- 
ties primarily involving the right sub- 
cortical white matter and extending 
into the left side through the genu of 
the corpus callosum (Fig 3, top left). 
The area of encephalomalacia became 
cavitated and formed a tract extend- 
ing through the centrum semiovale, 
affecting mainly the right side of the 
corpus callosum and right thalamic 
nuclei (Fig 3, top right and bottom 
left), all the way to the subcortical 
white matter of the right occipital 
lobe (Fig 3, bottom right). The white 
matter adjacent to this tract was soft- 
ened, but the nearby cortex appeared 
intact. The right caudate nucleus and 
internal capsule were largely de- 
stroyed with softening, brown discol- 
oration and microcavitation extend- 
ing into the region of the right pulvi- 
nar (Fig 3, top right and bottom left). 
The ventricular system was dilated 
more on the right than on the left 
side. The entire corpus callosum 
appeared shrunken and distorted, 
particularly at the level of the spleni- 
um (Fig 3, bottom right). Sections of 
the brain stem showed atrophy of the 
right cerebral peduncle and the right 
pyramidal tract. 

The cerebral cortex was normal 
except at the tip of the right frontal 
pole where the entrance wound of the 
bullet was located. Microscopic exami- 
nation revealed necrosis and cavita- 
tion in wide areas of subcortical white 
matter of the orbitofrontal cortex, 
portions of the right internal capsule, 
the right caudate, and right subepen- 
dymal and periventricular white mat- 
ter. The cingulate gyri were normal 
bilaterally. The genu and the spleni- 
um of the corpus callosum were 
infarcted and demyelinated, and the 
remaining areas of the corpus callo- 
Sum were markedly demyelinated. 
The right superomedial thalamus was 
infarcted. The right internal capsule 
showed demyelination. The right 
hypothalamus contained a lesion 
characterized by necrosis, astrocyto- 
sis, axonal spheroids, and hemosider- 
in. The right optic nerve and the right 
corticospinal tracts were demyelin- 
ated. Bullet fragments were found in 
the head of the right caudate, puta- 
men, and thalamus. Both anterior 
cerebral arteries were occluded with 
metallic clips. The leptomeninges con- 
tained widespread neoplastic cells 
with the same histopathologic fea- 
tures as the primary adenocarcinoma 
of the breast. This condition was 
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thought to result from propagation of 


the neoplastic cells from vertebrae 
and nonvertebral metastases! and not 
from an association with her neuro- 
logic symptomatology. 


COMMENT 


The involuntary movements of 
these two patients resemble those 
described in the North American lit- 
erature as alien hand syndrome. Alien 
hand is a translation of the French la 
main étrangère used by Brion and 
Jedynak? to describe a “feeling of 
estrangement between the patient 
and one of his hands.” For example, 
one of their patients (case 1), when 
trying to put on his shirt, would 
eneounter his alien hand and try to 
move it out of the way, exclaiming: 
“Leave me alone, you prevent me from 
dressing.” Failure of recognition also 
occurred when one hand was placed 
into the other in front of the patient 
with his eyes closed. After the patient 
died, autopsy findings revealed a cal- 
losal tumor extending bilaterally into 
the cerebral white matter. What was 
impaired was not the tactile sensation 
in the hand but “la reconnaissance de 
son appartenance” (the recognition of 
its belonging). No mention was made 
of involuntary movements. 

Subsequently, Goldberg et al? used 
the term alien hand syndrome to 
describe two patients with left medial 
frontal cortex infarction. These 
patients’ arms spontaneously grasped 
and groped and could perform pur- 
poseful movements, but they seemed 
not to be under conscious control of 
the patients, who often used the left 
hand to restrain the right one. These 
investigators suggested that medial 
frontal cortex damage and callosal 
disconnection may contribute to the 
syndrome. 

Several years before the article by 
Goldberg et al, Goldstein‘ and Sweet’ 
described similar cases but had not 
labeled the syndrome. A similar phe- 
nomenon occurs in some patients who 
have undergone callosectomy, but in 
the majority of cases it subsides with- 
in a few weeks, thus suggesting that 
callosal damage alone is not sufficient 
for the occurrence of the alien hand 
phenomenon.*’ 

In our first patient, autopsy find- 
ings confirmed the clinical impression 
of bilateral frontal damage, more pro- 
nounced on the right side, and corpus 
callosum damage, with additional 
damage at the level of the right basal 
ganglia and thalamus. In the second 
patient, a CT scan showed bilateral 
mesial frontal damage as well as 
lesions of the corpus callosum. 


The combination of lesions neces- 
sary to produce this syndrome is not 
certain. In other syndromes, such as 
alexia without agraphia, a unilateral 
lesion plus callosal disconnection are 
sufficient. Although both of our 
patients had bilateral frontal lesions, 
Goldberg et al’ reported patients who 
had no evidence of bilateral lesions, 
but there was no autopsy confirma- 
tion. Bilateral semiautomatous move- 
ments, which may mimic voluntary 
movements, are observed in patients 
with bilateral frontal lobe lesions. For 
example, Lhermitte? has described 
“utilization behavior in patients with 
frontal lobe lesions, in which the 
patient compulsively grasps and pur- 
posefully uses objects placed in front 
of him or her, performing complex 
acts. Lhermitte thought this was an 
extension of grasping behavior and 
advanced an explanation involving 
release of parietal lobe activity in 
some respects reminiscent of Denny- 
Brown’s theory of motor control.’ Nei- 
ther of our patients demonstrated 
utilization behavior as defined by 
Lhermitte. It appears reasonable to 
postulate that in our cases, as in oth- 
ers, the syndrome was produced by 
the combination of partial callosecto- 
my and mesial frontal lesions. 
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Lymphocyte a-Glucosidase 
in Late-Onset Glycogenosis Type lI 
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Ryo-ichi Hiwatari, MD; Mitsuhiro Osame, MD; Akihiro Igata, MD 


è We describe the biochemical charac- 
terization of lymphocyte a-glucosidase in 
a 23-year-old man with intermediate clini- 
cal features between the childhood and 
adult forms of glycogenosis type Il 
(Pompe’s disease). Acid a-glucosidase 
activity was markedly reduced, but immu- 
nologic cross-reactive material against 
human liver acid a-glucosidase protein 
could be detected, and its amount was 
normal. In this patient, the disorder was 
induced by the catalytically inactive 
enzyme with a normal amount of enzyme 
protein. 

(Arch Neurol 1989;46:460-462) 


(Fyeogenosis type II (Pompe’s dis- 

ease) is an autosomal recessive 
disorder that is characterized by the 
lysosomal accumulation of glycogen 
due to a deficiency of acid a-glucosi- 
dase. Three clinical forms, infantile, 
childhood, and adult forms, which dif- 
fer in age of onset, distribution of 
involved organs, and progression of 
the disease, have been recognized.'? 
Most cases can be classified into these 
three forms but some cases reveal 
intermediate clinical features be- 
tween the childhood and adult 
forms.** It has been suggested that 
the variability of clinical phenotypes 
result from variable amounts of resid- 
ual acid a-glucosidase activities.* On 
the other hand, it has also been specu- 
lated that the clinical variability in 
glycogenosis type II might result from 
variable amounts of neutral a-glucosi- 
dase, which has a possible compensa- 
tory role.*’ In general, several differ- 
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ent types of enzyme abnormality have 
been recognized in the enzyme defi- 
ciency metabolic disorders including 
glycogenosis type II, eg, lack or 
reduced production of enzyme protein, 
enzymatically inactive protein with- 
out decreased production. The investi- 
gation of the precise biochemical 
abnormalities in the different clinical 
forms of the enzyme deficiency states 
provides information on the biochemi- 
cal nature of the enzyme defect, and it 
may shed light on the molecular 
mechanism underlying the clinical 
heterogeneity in this type of disease. 
This article describes the character- 
ization of a-glucosidase activity and 
protein in lymphocytes from a patient 
with intermediate features between 
the childhood and adult forms of gly- 
cogenosis type II. 


REPORT OF A CASE 


This patient had a normal birth and 
development except for slowness in run- 
ning in his childhood. At 10 years of age, he 
noticed limb weakness, which gradually 
progressed. On admission at 23 years of 
age he showed generalized muscle weak- 
ness and wasting, especially in proximal 
limbs and truncal muscles, and marked 
scoliosis. He had no hepatosplenomegaly 
and no cardiomegaly. The diagnosis of 
glycogenosis type II was based on clinical 
manifestations, morphologic findings from 
a skeletal muscle biopsy specimen, and 
biochemical abnormalities including the 
accumulation of glycogen in muscle and 
acid a-glucosidase deficiencies in muscle, 
urine, and leukocytes. However, he could 
not be classified as a form of the infantile, 
childhood, or adult forms, but as an inter- 
mediate form between the childhood and 
adult forms. The detailed features of this 
patient have been reported previously.** 


MATERIALS AND METHODS 


Lymphocytes with a-glucosidase activity 
were isolated from the heparinized venous 
blood sample taken from the patient and 
from six normal control subjects using a 
mixture of sodium metrizoate and Ficoll 
(Lymphoprep, Nyegaard Co, Oslo).’ The 
isolated lymphocytes were suspended in 
adequate distilled water after washing 
with cold 0.9% saline and sonicated with a 


Cell Disrupter. a-Glucosidase activity was 
assayed toward 4-methylumbelliferyl-a-D- 
glucopyranoside."”” Protein was measured 
by Lowry’s method." 

Immunostaining and enzyme immunoas- 
say acid a-glucosidase was purified from 
human liver and anti-IgG for human liver 
acid a-glucosidase was obtained from a 
rabbit immunized by purified enzyme pro- 
tein. The detailed methods and results 
have been described elsewhere.”’* The iso- 
lated lymphocytes from 20 mL of venous 
blood were suspended in 1 mL of 20 mol/ 
L of TRIS-hydrochloric acid buffer (pH, 
7.5) and sonicated in an ice-water bath. 
After centrifugation at 5000 Xg for 30 
minutes, the resultant supernatant was 
used as the lymphocyte extract. About 50 
ug of protein was electrophoresed on 10% 
SDS-polyacrylamide slab gel and trans- 
ferred to nitrocellulose paper. The blots 
were incubated with 0.3% Tween 20/0.9% 
sodium chloride/10 mM phosphate buffer 
at a pH of 7.2 (phosphate-buffered saline 
[PBS]-Tween buffer) at 40°C for one hour 
with the buffer being changed every 15 
minutes. The blots were then incubated 
with the first antibody (anti-IgG for 
human liver acid a-glucosidase) for one 
hour at room temperature, and rinsed for 
45 minutes in the same buffer with the 
buffer being changed every 15 minutes. 
The binding of peroxidase-labeled antirab- 
bit IgG goat Fab’ was performed by the 
same incubation procedure. Immunostain- 
ing of the blots was developed in the sub- 
strate solution containing 0.4 mg of diami- 
nobenzidine per milliliter/0.001% hydro- 
gen peroxide/10 mM PBS buffer at a pH 
1.26 

The amount of acid a-glucosidase pro- 
tein was determined by the solid-phase 
sandwich immunoassay.’ The washed 
polystyrene balls (4 mm in diameter) were 
immersed in 0.25 mol/L of phosphate buff- 
er at a pH of 7.5, which contained the 
anti-IgG for human liver acid a-glucosi- 
dase, for 24 hours with slow shaking, and 
then washed sufficiently with 0.01 mol/L 
of phosphate buffer at a pH of 7.0 contain- 
ing 0.1 mol/L of sodium chloride, 1 mM 
magnesium chloride, 0.1% sodium azide, 
and 0.1% bovine serum albumin. Six hun- 
dred microliter of enzyme solution diluted 
with 10 mM PBS at a pH of 7.2, and an 
IgG-coated polystyrene ball were mixed 
and incubated at 37°C for three hours in a 
shaking water bath. After removing the 
solution, the ball was washed five times 
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Table 1.—Km and Vmax of Neutral and 
Acid a-Glucosidase Activities 


Normal 
Control 
Subjects * 


a-Glucosidase Patient 


Neutral, pH 6.5 
Vmax ; 08.7. + 17:6 
Km, mM 0.24 + 0.01 
Acid, pH 4.0 
Vmax ; 92.0 “+ 25:1 
Km, mM + — 6.5 





205k 


29k 





Immunoblotting of acid a-glucosidase protein. 
P indicates patient’s lymphocytes; C, control 
lymphocytes; and S, standard (purified human 
liver a-glucosidase). 


successively with PBS-Tween buffer. Then 
peroxidase-labeled Fab’ for human liver 
acid a-glucosidase was added and again 
incubated at 37°C for three hours in a 
shaking water bath. Each ball was trans- 
ferred to another tube after washing with 
PBS-Tween buffer, and treated with 3 mL 
of the solution containing 0.4 mg of O- 
phenylenediamine per milliliter/0.02% 
hydrogen peroxide/0.1 mol/L of citrate- 
phosphate buffer at a pH of 5.0. After the 
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Table 2.—Amount of Activity of Acid 
a-Glucosidase in Lymphocytes 


Normal 
Control 
Subjects * 










Patient 


Amount of enzyme 

protein, ng/mg 

of protein 177.2 
Enzyme activity, 
nmole/mg of 
protein per hour 


*Mean + SD (n = 5). 










185.5 + 80.8 







27.0 381.2 + 57.7 





tube was left for one hour at room temper- 
ature, the reaction was stopped by addition 
of 1N sulfuric acid and the optical density 
was read at 492 nm. 


RESULTS 


The patient’s lymphocyte a-glucosi- 
dase activity was sharply reduced 
from a pH range of 3.5 to 5.0 but it 
appeared to be normal in the neutral 
range. Therefore, acid and neutral a- 
glucosidases were assayed at pH 4.0 
and 6.5, respectively, in the patient 
and normal control subjects (n = 6). 
There were no significant differences 
in Km values of neutral and acid 
a-glucosidases between the patient 
and normal control subjects. On the 
other hand, the Vmax value of acid 
a-glucosidase was markedly reduced 
and that of neutral a-glucosidase was 
slightly reduced in the patient (Ta- 
ble 1). 

Figure 1 shows the immunostaining 
patterns of acid a-glucosidase protein. 
The lymphocytes in both the patient 
and control subjects showed bands of 
cross-reactive materials (CRM) with 
the antibody against human liver acid 
a-glucosidase protein. The CRM with 
a molecular weight of 80 kd was a 
major component of acid a-glucosi- 
dase and the CRM with a molecular 
weight of 66 kd was speculated to be a 
degradative product of acid a-glucosi- 
dase. Some additional bands of CRM 
with a smaller molecular weight were 
seen in the patient’s lymphocytes. 

The amount of acid a-glucosidase 
protein in lymphocytes was quantita- 
tively determined by enzyme immuno- 
assay. The amount of enzyme protein 
in the patient did not differ from that 
in normal control subjects (n = 5), 
although the enzyme activity was 
greatly reduced (Table 2). 


COMMENT 


It has been speculated that the clin- 
ical variability of glycogenosis type II 
might result from variable amounts 
of residual acid a-glucosidase activity 
or neutral a-glucosidase activity, but 
the biochemical basis for the different 


clinical features is still obscure. In 
recent years, the physiologic and 
pathologic findings on the biosynthe- 
sis and maturation of acid a-glucosi- 
dase have been elucidated. The follow- 
ing defects were reported: (1) precur- 
sor was formed and phosphorylated, 
but conversion to the mature form 
was impaired, (2) precursor was 
formed, but phosphorylation and con- 
version to the mature form were 
impaired, (3) synthesis of precursor 
was reduced, but maturation was un- 
impaired, (4) no precursor was 
formed, and (5) precursor was rapidly 
degraded.'*"’ 

The quantitative and qualitative 
studies for immunologic CRM to acid 
a-glucosidase are important to eluci- 
date the biochemical molecular differ- 
ence between different forms of glyco- 
genosis type II. Some authors have 
investigated immunologic CRM to 
acid a-glucosidase in fibroblasts,'*” 
muscle, and liver?» from pa- 
tients with infantile, juvenile, and 
adult forms of glycogenosis type II. 
However, there have been no reports 
of CRM to acid a-glucosidase in lym- 
phocytes that can be easily obtained 
from patients. In general, CRM is 
absent in most cases of the infantile 
form,'*?°223 while it is detectable in 
the childhood and adult forms,» 
however, Ninomiya et al’! and Bera- 
tis et al have reported some excep- 
tional cases. 

In this article we present the bio- 
chemical characterization of lympho- 
cyte a-glucosidase in the patient with 
intermediate clinical features þe- 
tween the childhood and adult forms 
of glycogenosis type II. Enzymologi- 
cally, the Vmax value of acid a-gluco- 
sidase in the patient was markedly 
decreased compared with normal con- 
trol subjects. However, immunologic 
CRM was detected with antibody 
against human liver acid a-glucosi- 
dase protein and the amount of CRM 
was normal. Namely, enzyme protein 
was not lacking but catalytically inac- 
tive enzyme was produced in the lym- 
phocytes of this patient. The muscle 
tissue biopsy specimen from this 
patient also showed similar immuno- 
histochemical findings, which were 
described previously.” We speculate 
that the disorder in this patient might 
be produced by a structural gene 
mutation. The patient’s lymphocytes 
showed not only major CRM, with 
molecular weights of 80 and 66 kd, but 
also CRM with a smaller molecular 
weight. Further investigations on pro- 
cessing of biosynthesis and degrada- 
tion of the enzyme are needed to clar- 
ify the nature of these CRM. 
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Relapsing Bilateral Brachial Plexopathy During Pregnancy 


Report of a Case 


Janice M. T. Redmond, MB, BCh, MRCPI; Didier Cros, MD; Joseph B. Martin, MD, PhD, FRCPC; 


Bhagwan T. Shahani, MD, DPhil (Oxon) 


e We describe a case of relapsing 
bilateral brachial plexopathy occurring 
during pregnancy and the postpartum 
period. This condition is known to occur 
with a familial predilection, but it has not 
been previously reported on a sporadic 
basis. The outcome was poor and associ- 
ated with several psychosocial conse- 
quences. 

(Arch Neurol 1989;46:462-464) 


e describe a case of sporadic 

bilateral brachial plexopathy oc- 
curring during pregnancy. This asso- 
ciation has not been recognized previ- 
ously. Possible pathogenetic mecha- 
nisms are reviewed. 


REPORT OF A CASE 


A 32-year-old right-handed, primagrav- 
id woman noted transient severe right 
E TS Se ie a a eee 
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shoulder pain and subsequent weakness in 
the arm during the second trimester of 
pregnancy that resolved spontaneously, 
leaving no residual symptoms. At 34 weeks 
gestation she again noted pain in the right 
shoulder that progressed down the arm 
into the hand over several days. Similar 
symptoms developed in the left shoulder 
and arm. One week after the onset of these 
complaints, the patient reported weakness 
of right hand grip, wrist extension, and 
arm abduction followed by similar prob- 
lems in the left arm. Cesarean section was 
performed at 35 weeks for premature labor 
and two healthy babies were delivered. 
Neurologic symptoms persisted and maxi- 
mal weakness occurred in the arms about 
two weeks later. Strength gradually 
started to improve on the right side while 
there was little improvement on the left 
side. Both light touch and temperature 
change elicited an unpleasant sensation 
over the medial aspect of the right fore- 
arm, index finger, and thumb. 

There was no recent history of infection, 
vaccination, or insect bite. There was no 
family history of neuropathy. The patient’s 
sister had two uneventful pregnancies in 
the past. 

On examination, muscle atrophy was 
noted diffusely in the upper extremities. 


There was bilateral deltoid weakness (4/5). 
In the right arm, strength in the biceps, 
triceps, wrist extensors, wrist flexors, and 
intrinsic hand muscles was 4/5. In the left 
arm, power in the biceps and triceps was 
3/5, with minimal strength in the wrist 
and finger flexion and extension. The 
biceps jerk was normal bilaterally. The 
right triceps and brachioradialis reflexes 
were reduced; both were absent on the left 
side. There was hypesthesia and hyperal- 
gesia extending from C5 to T1 bilaterally, 
the deficit being more marked on the left. 
Vibration sense was normal. Joint position 
sense was reduced in the index and fifth 
fingers on the left. 

Three months after the onset of symp- 
toms follow-up by telephone conversation 
revealed no significant improvement. 


ELECTROPHYSIOLOGIC STUDIES 


The electrophysiologic studies were per- 
formed 11 weeks post partum. Motor and 
sensory nerve conduction studies were per- 
formed using supramaximal percutaneous 
stimulation and surface recording elec- 
trodes. Skin temperature was maintained 
at 32°C. Concentric needle electrodes were 
used for the electromyographic study. 

The results of motor, sensory, and mixed 
nerve conduction studies are shown in 
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Tables 1 through 3. In summary, the low 
amplitude or absent sensory nerve action 
potentials combined with low-amplitude 
compound muscle action potentials of both 
radial and left median nerves with mild 
slowing of median and radial nerves bilat- 
erally documents both sensory and motor 
denervation in both arms. 

F responses in the median, ulnar, and 
radial nerves were normal in the right 
arm. All were absent in the left arm, 
probably due to loss of motor axons. 

Needle electromyography showed abun- 
dant active denervation in the right tri- 
ceps, flexor carpi radialis, extensor digito- 
rum communis, and abductor pollicis bre- 
vis muscles with a low mixed recruitment 
pattern. An abnormal neurogenic recruit- 
ment pattern was noted in the right 
supraspinatus and first dorsal interos- 
seous muscles. In the left arm, active 
denervation was seen in infraspinatus, tri- 
ceps, flexor carpi ulnaris, and first dorsal 
interosseous muscles with a low mixed 
recruitment pattern. Abundant spontane- 
ous activity with no motor activity was 
noted in the extensor digitorum communis, 
brachioradialis, and pronator teres mus- 
cles while single unit activity was noted in 
the extensor indicis and abductor pollicis 
brevis muscles. 


COMMENT 


The clinical history of severe recur- 
rent arm pain and residual weakness 
together with the electrophysiologic 
findings described is consistent with 
relapsing bilateral brachial plexopa- 
thy. 

In 1943, Spillane’ described local- 
ized neuritis of the shoulder girdle in 
soldiers in the Middle East. The essen- 
tial clinical feature was severe shoul- 
der pain followed within hours or days 
by weakness in muscles supplied by 
either a single nerve such as the axil- 
lary or long thoracic nerve or by 
weakness in the distribution of sever- 
al peripheral nerves or nerve roots. 
Similar cases had been described pre- 
viously.** Parsonage and Turner’ sug- 
gested the term neuralgic amyotrophy 
in their review of 136 cases in 1948. 
More recently atypical presentations 
of this condition were reported.*’ Two 
forms of this condition are now recog- 
nized: a sporadic type and a rare 
familial type of autosomal dominant 
inheritance associated with ‘“tomacu- 
lous neuropathy” where there is a 
reduction in the total myelinated fiber 
count and segmental demyelination 
and remyelination with sausage- 
shaped focal thickening of myelin. 
Both conditions have some known pre- 
cipitating factors in common such as 
infection, immunization, and non- 
specific illness, but serum sickness 
is more specific for the sporadic 


type. 
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Table 1.—Motor Nerve Conduction Studies 


CMAP * Conduction 
Stimulus Amplitude, Latency, Velocity, 
Side Site uV ms m/s 


Axillary Right Erb’s point 6000 11.6 
Median Right Wrist 8000 3.0 

Elbow 5000 7.6 
Musculocutaneous Right Erb's point 5000 13.0 
Radial Right Forearm 


Comments 
Normal 
Normal 

Prolonged 
Normal 
Normal 


Low amplitude 


and prolonged 
Right Wrist Normal 


Below ulnar 
groove 


Axillary Erb’s point 8000 
Median Left i 3.2 


7500 


Normal 


Low amplitude 
prolonged 


Low amplitude 
prolonged 


Musculocutaneous Left  Erb’s point 5000 3.4 Normal 
3 


Radial Left Forearm Low amplitude 
prolonged 


Low amplitude 
prolonged 


Normal 
Nomral 


Left Wrist 


Below ulnar 
groove 


6000 


* CMAP indicates compound muscle action potential. 


Table 2.—Sensory Nerve Conduction Studies 


CMAP * Distal Conduction 
Amplitude, Latency, Velocity, 
uV ms m/s 





Stimulus 
Site 














Nerve Side Comments 


Lateral 
antebrachial 
cutaneous 
Medial 
antebrachial 
cutaneous 







Right Elbow Absent Abnormal 












Absent Abnormal 





Right Arm 








Median 

amplitude Right Digit 2 
Radial Right Digit 1 Absent reer 
Ulnar Right Digit 5 10.0 Normal 













Lateral 
antebrachial 
cutaneous 
Medial 
amplitude 
antebrachial 
cutaneous 
Median 
Radial 


Ulnar 






Left Elbow Absent Abnormal 
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The sporadic variety has not been 
previously reported during pregnancy 
though occasional cases of familial 
brachial plexopathy have been re- 
ported during pregnancy or more 
often during the postpartum period. 
The sporadic variety occurs in adults, 
mostly in male patients, and recur- 
rence is uncommon. The diffuse arm 
weakness and profound degree of dis- 
tal involvement that occurred in this 
case are unusual. Children are usually 
affected in the familial type; sex dis- 


tribution is equal and recurrence is 
common. There may be involvement 
of the entire shoulder girdle, cranial 
nerve palsies, or lower extremity 
weakness.’ Sensory deficits are vari- 
able. The distribution of the axillary 
nerve is most often affected in the 
sporadic form while the medial aspect 
of the forearm is affected most often 
in the inherited form. In both condi- 
tions the right arm is affected more 
often, but the reason for this is 
unclear. Congenital defects such as 
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* CMAP indicates compound muscle action potential. 


hypotelorism, syndactyly, and cleft 
palate are encountered in the familial 
type though the association is not 
understood.’ 

The pathogenesis of brachial plexo- 
pathy is unknown. An autoimmune 
etiology has been postulated for the 
sporadic type. Another condition 
affecting peripheral nerves, chronic 
inflammatory demyelinating neurop- 
athy, can occur de novo during preg- 
nancy and there is an increased risk of 
relapse in known cases during both 
pregnancy and the postpartum period. 
The reason for such susceptibility to 
hormonal influence is unclear. A pos- 
sible mechanism is cross reactivity 
between fetal and maternal neural 
antigens or an immune response dur- 
ing pregnancy that gives rise to an 
amnestic response to neural antigen. 
However, in these cases, demyelin- 
ation is confirmed both by pathologic 
and neurophysiologic evaluation,’ 


Table 3.—Mixed Nerve Conduction Studies 


CMAP * 
Stimulus Amplitude, 
Nerve Side Site uV 
Median Right Palm 15.0 


Distal Conduction 
Latency, Velocity, 
ms ms Comments 
2.0 57 Normal 


50 Low amplitude 





whereas axonal loss is seen in brachial 
plexopathy. 

Prognosis depends on the degree of 
axonal damage recorded on needle 
electromyographic examination. The 
condition has not been associated with 
an adverse outcome to pregnancy. 
Most patients can expect considerable 
recovery within three years and there 
is essentially no difference between 
unilateral and bilateral cases. Perma- 
nent motor deficits are most likely to 
occur in patients with severe pain, 
complete or lower plexus lesions, and 
lack of any improvement after three 
months. This patient’s prognosis must 
be guarded. There is no specific treat- 
ment. Steroids may be used for pain 
relief. Physical therapy is needed to 
prevent the development of a frozen 
shoulder. The psychosocial conse- 
quences are important in this case as 
the patient remains unable to hold her 
children. 


Sporadic acute brachial plexopathy 
can occur during pregnancy, it 
requires no specific therapy, it is not 
always associated with a good out- 
come, and it can cause psychosocial 
difficulties due to residual neurologic 
deficits. 
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Myasthenic Syndrome Caused by Direct Effect of 


Chloroquine on Neuromuscular Junction 


Wim Robberecht, MD; Joseph Bednarik, MD; Paul Bourgeois, MD; Johan van Hees, MD; Herwig Carton, MD 


@ Chloroquine induced a myasthenic 
syndrome in a patient taking the drug for 
presumable reticular erythematous mu- 
cinosis. Clinical features and results of 
single-fiber electromyography were typi- 
cal for a failure of neuromuscular trans- 
mission, while peripheral nerves and mus- 
cles were intact on clinical, biochemical, 
electrophysiologic, and pathologic inves- 
tigation. The time course of the clinical 
and electrophysiologic findings during 
provocation with chloroquine and the 
absence of autoantibodies indicate that 
the syndrome was due to a direct effect 
of the drug on the neuromuscular junc- 
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tion. While not taking chloroquine, the 
patient showed a decremental response 
on a modified double-step nerve stimula- 
tion test and a mean consecutive differ- 
ence on single-fiber electromyography 
that was at the upper limit of normal, 
indicating a subclinical impairment of neu- 
romuscular transmission. These findings 
can explain the apparent rarity of the 
syndrome described, as a direct effect of 
chloroquine on the neuromuscular junc- 
tion may only have clinical relevance in 
patients with a reduced neuromuscular 
safety factor. 
(Arch Neurol 1989;46:464-468) 


(Chloroquine (7-chloro-4 [4-diethyl- 

amino-l-methyl-butylamino] qui- 
noline) is an antimalarial drug that, 
in higher doses, is widely used in the 
treatment of a variety of autoimmune 


or immune-related disorders. The 
neurologic side effects of a high-dose 
therapeutic regimen consists mainly 
of a neuromyopathy.'* We describe a 
case of a chloroquine-induced myas- 
thenic syndrome caused by a direct 
effect of the drug on the neuromuscu- 
lar junction. 


REPORT OF A CASE 


A 39-year-old right-handed man was 
admitted because of progressive muscular 
weakness. 

Five months before admission he had 
been seen by a dermatologist because of an 
erythematous eruption of the abdominal 
skin. The presumable diagnosis of reticular 
erythematous mucinosis was made and 
treatment with steroids was tried without 
success and was discontinued. 

On March 26, 1987, treatment with 300 
mg of chloroquine a day was started. One 
week later the patient began to notice 
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double vision in all directions that was 
progressive over the next week. The symp- 
toms were less severe in the morning and 
gradually worsened toward the evening. 
On April 8, 1987, the patient spontaneously 
stopped taking chloroquine; however, the 
symptoms were progressive and on April 
11, 1987, the patient was admitted. In 
addition to the vertical and horizontal 
diplopia that was brought about by sus- 
tained fixation, the patient complained of 
generalized muscle weakness and fatigue. 
He denied dysarthria, dysphagia, nasal 
regurgitation, dyspnea, and any sensory 
symptoms. 

His medical history was negative, except 
for a depression one year before admission 
that was treated with antidepressants. His 
family history was significant for rheuma- 
toid arthritis in an aunt and uncle. 

Physical examination showed a clearly 
fatiguable ptosis on the right side more 
than on the left side. Ptosis was worsened 
by shining a bright light in the eye. In 
addition there was a fatiguable paresis of 
the lateral and superior rectus muscle on 
the right side. There was a 4/5 fatiguable 
paresis of the flexors of the neck, of the 
deltoid muscles, biceps, and small hand 
muscles. All deep tendon reflexes were 
brisk. The remainder of the neurologic 
examination was unremarkable. 

Ten milligrams of edrophonium chloride 
(Tensilon) was administered intravenously 
and was followed by prompt disappearance 
of the fatiguable paresis in all muscles. 

Hematologic and biochemical tests 
including serum aldolase and creatine 
kinase were normal. Thyroid function, 
immunoglobulins, and complement were 
normal. Acetylcholine receptor antibodies 
were absent as were antibodies against 
striated skeletal and cardiac muscle, 
smooth muscle, parietal cells, and thyroid 
gland. Rheumatoid factor and antinuclear 
and anticytoplasmic antibodies were 
absent. Human leukocyte antigen type was 
A1/A31, B8/Bw60, DR3/DR4. A computed 
tomographic scan of the mediastinum did 
not show evidence of thymoma. 

Gradually the patient improved and 48 
hours after admission, five days after the 
last dose of chloroquine, the symptoms 
had completely disappeared and results 
of the neurologic examination were nor- 
mal. 

With informed consent of the patient a 
provocative test was carried out: treatment 
with 300 mg of chloroquine was reinsti- 
tuted daily and, about one week later, the 
patient again began to complain of diplo- 
pia and drooping of the eyelids. Neurologic 
examination on the 13th day of therapy 
showed a remarkable ptosis, left side more 
than right, a superior rectus muscle pare- 
sis, right side more than left, and a fatigu- 
able paresis of the lower facial muscles, 
neck flexors, deltoid, and biceps muscles. 
Deep tendon reflexes were brisk. There 
were no other abnormalities. Results of all 
biochemical tests were normal and again 
all autoantibodies including acetylcholine 
receptor antibodies were absent. 

Histopathologic examination of a muscle 
biopsy specimen did not reveal any vacuo- 
lar changes; electron-microscopic exami- 
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nation disclosed normal muscular struc- 
ture. 

Chloroquine intake was stopped and 
again symptoms gradually disappeared; on 
the fourth day without therapy, ptosis of 
the right eyelid was still remarkable; seven 
days after stopping the chloroquine, the 
patient was without complaints. The neu- 
rologic examination on the 11th day with- 
out therapy did not reveal any abnormali- 
ties. 


ELECTROPHYSIOLOGIC STUDY 
Methods 


Electromyography (EMG), nerve con- 
duction velocity studies, and repetitive 
stimulation tests (stimulation of ulnar 
nerve at wrist and registration over 
hypothenar muscles) were done using con- 
ventional procedures. 


Stimulated Single-Fiber EMG 


Stimulated single-fiber EMG (SFEMG) 
was recorded from the extensor digitorum 
communis muscle using a Mystro Medelec 
MS 20.’ To avoid fibers damaged during 
previous insertions, different fasciculi 
belonging to the second and third digit on 
both sides were examined. The upper limit 
of normal mean consecutive difference 
(MCD) for an individual fiber is 40 us; the 
upper limit of normal of the MCD is 25 us.’ 
Twenty fibers were examined at each ses- 
sion; each fiber was activated 100 times at 
a frequency of 10 Hz. 


Modified Double-Step Nerve 
Stimulation Test 


For further characterization of neuro- 
muscular transmission safety, a double- 
step nerve stimulation test was performed. 
Supramaximal stimulation of the right 
ulnar nerve at the wrist was performed at 
a frequency of 2.5 Hz. The compound mus- 
cle action potential (CMAP) of the hypoth- 
enar muscles was recorded. Surface elec- 
trodes were used for both stimulation and 
registration. To quantify decrement, a 
train of nine stimuli was delivered and the 
area of the fifth CMAP was measured and 
expressed as the percentage of area of the 
first CMAP; decrement is expressed as the 
percentage of area (1-A5/A1).'° At the 
beginning of the procedure, nine stimuli 
were delivered and CMAPs were recorded 
in basal circumstances. Then 2.5-Hz stimu- 
lation was performed during four minutes, 
followed 30 s later by a new series of nine 
test stimuli. The second step was per- 
formed under ischemia, established by a 
cuff above the elbow inflated to a pressure 
well above systolic blood pressure. A 2.5- 
Hz stimulation during four minutes was 
performed, followed 30 s later by a series of 
nine stimuli, during which CMAPs were 
recorded. As no decrement (5%) was 
apparent in the patient after four minutes, 
we modified the test by prolonging the 
procedure time to seven minutes. A 2.5-Hz 
stimulation for seven minutes under ische- 
mia was followed 30 s later by a last train 
of nine stimuli; ischemia was never inter- 
rupted and was carefully checked during 
the whole procedure. The modified test was 
performed on 15 healthy volunteers with- 


out personal or family history of neuro- 
muscular disease to obtain normal values. 


RESULTS 


Electromyography and nerve con- 
duction velocity studies did not reveal 
any myopathic or neurogenic changes. 
On repetitive nerve stimulation, no 
decrement was apparent before, dur- 
ing, or after the intake of chloro- 
quine. 


Stimulated SFEMG 


While not taking chloroquine, the 
patient showed an MCD of 23.5 us on 
stimulated SFEMG. The studies were 
repeated on the 13th day of chloro- 
quine intake when the myasthenic 
syndrome was clinically apparent. 
Stimulated SFEMG revealed an MCD 
of 34.9 us. Six of 20 fibers examined 
had an MCD of more than 40 us. On 
the fourth day after cessation of ther- 
apy, the MCD had decreased to 30.5 us. 
Four fibers examined had an MCD of 
more than 40 us. Eleven days after 
stopping the therapy, the MCD had 
normalized (23.7 us) and no fibers had 
an abnormal MCD. About four 
months later, SFEMG was repeated 
and showed an MCD of 21.5 us. The 
Figure shows evolution of MCD dur- 
ing observation. 


Modified Double-Step Nerve 
Stimulation Test 


When the patient had not been tak- 
ing chloroquine for several months, 
the modified double-step nerve stimu- 
lation test was performed and the 
results were compared with those 
obtained in the 15 control subjects 
(nine men and six women, aged 35.2 + 
9.3 years [mean + SD]). No decrement 
could be found in the control subjects 
or in the patient in basal circum- 
stances. After seven minutes of stimu- 
lation under ischemia, still no decre- 
ment could be seen in any of the 
control subjects: the area of the fifth 
CMAP expressed as percentage of the 
first CMAP was 101% + 2% (mean + 
SD; n = 15). In the patient, however, a 
clear decrement of 21% (fifth CMAP: 
79%) was observed after seven 
minutes. This decrement was com- 
pletely reversible two minutes after 
restoring blood circulation in the fore- 
arm, indicating stability of the 
recording conditions. In the control 
group, the amplitude of the CMAP 
was significantly lower after seven 
minutes of stimulation under isch- 
emia as compared with the value in 
basal circumstances (15.8 + 2.1 vs 
13.0 + 2.5 mV; mean + SD; P <..001 
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on paired t test), as was alsø'observeds ~- 


by Desmedt and Borenstein.’ This © 


indicates that ischemia was readily 
established. l 
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COMMENT 


In our patient, the daily oral intake 
of 300 mg of chloroquine for about one 
week elicited a generalized myasthen- 
ic syndrome that was responsive to 
edrophonium chloride intravenously. 
Stimulated SF EMG showed failure of 
neuromuscular transmission, while 
autoantibodies to several antigens, 
including acetylcholine receptor, were 
absent. This syndrome was rapidly 
reversible, as clinical and electrophys- 
iologic recovery was documented four 
days after discontinuation of chloro- 
quine therapy and was complete after 
11 days. 

If taken in a daily dose of 250 to 300 
mg/d, chloroquine is known to cause a 
degenerative myopathy’ of which the 
pathologic condition is mainly charac- 
terized by vacuolar changes.'* Cardiac 
muscle! and peripheral nerves!? 
may be involved. This neuromyopathy 
usually appears after intake of chloro- 
quine during one year or more, it is 
reversible over several months when 
intake is discontinued,'*!' and con- 
trasts with the retinopathy, which is 
the main neurotoxic side effect of 
chloroquine if the drug is taken for 
the prophylaxis of malaria at a lower 
dose of 100 to 150 mg/d."* 

No biochemical, electrophysiologic, 
or pathologic evidence of such a chlo- 
roquine-induced neuromyopathy was 
present in our patient and in addition 
the time course was completely differ- 
ent from the one described for this 
entity. Furthermore, failure of neuro- 
muscular transmission was the main 
clinical and electrophysiologic feature 
of this patient’s syndrome. 

In clinical practice, drug-induced 
failure of neuromuscular transmis- 
sion can be encountered as three more 
or less distinct entities: drugs can 


unmask or aggravate myasthenia 


gravis, can cause postoperative respi- 
ratory depression, or can induce a 
myasthenic syndrome. From a patho- 
physiologic point of view, chemical 
substances can compromise neuro- 
muscular transmission mainly 
through two mechanisms’**; they can 
have a direct effect on the neuromus- 
cular junction or they can induce an 
autoimmune response with the gener- 
ation of antibodies to the acetylcho- 
line receptor. 

Although probably not as frequent- 
ly as generally thought,'”* penicilla- 
mine can induce such an immune 
response in patients taking the drug 
for rheumatoid arthritis,” systemic 
sclerosis,” primary biliary cirrhosis,” 
and Wilson’s disease,‘” thereby 
completely mimicking myasthenia 
gravis. 


466 Arch Neurol—Vol 46, April 1989 


60 > 
® 
50 
& 
$ 
Da 
o 40 = 
: ; . 
a :O 
= 4 : 
30 e ee 
e 
(J 
ATAT, a Se Sk — 
20 P 
R e 
Ẹ e 


io ; 
° $ > 
-$-- -= $----.- 
è $ om 
f 


15 20 25 120 


Time, d 


Graphic representation of mean consecutive difference (MCD) during provocation test with 
chloroquine, 300 mg daily. Mean consecutive difference values of individual fibers (dots) and 
MCD of 20 fibers (circles) of five consecutive stimulated single-fiber electromyographic 
examinations from extensor digitorum communis muscle. Horizontal lines indicate normal upper 
limits for MCD of individual fibers (dashes) and MCD (solid bar). 


Phenytoin (diphenylhydantoin),”*” 
mephenytoin,® and _ trimethadion®! 


have been reported to cause a myas- 


thenic syndrome either with autoanti- 
bodies present in the patient’s serum 
or with a time course compatible with 
an immune-mediated syndrome. As 
the hydantoin drugs have additional 
direct effects on the neuromuscular 
junction,” they can affect neuro- 
muscular transmission through both 
a direct and an immune-mediated 
mechanism of action. 

Chloroquine similarly has been 
reported to be able to cause myasthen- 
ic weakness through the generation of 
acetylcholine receptor antibodies: 
Schumm et al* described a patient 
with rheumatoid arthritis who devel- 
oped muscle weakness with pharma- 
cologic and electrophysiologic evi- 
dence of impaired neuromuscular 
transmission after daily intake of 500 
mg of chloroquine for 3.5 years. Vari- 
ous autoantibodies were present in 
the patient’s serum, among which 
were antibodies to the acetylcholine 
receptor. After cessation of the chlo- 
roquine therapy, these antibodies 
again disappeared over six weeks, 


while clinical recovery needed 14 
weeks to be complete. Hearn and Til- 
iakos* described a patient in whom 
both penicillamine and chloroquine 
induced a myasthenic syndrome, 
although the effect seemed to be dose 
dependent and acetylcholine receptor 
antibodies were not detected, the pro- 
longed time course of the clinical syn- 
drome was consistent with an autoim- 
mune process as pointed out by the 
authors. Pichon et al% described a 
patient taking chloroquine for discoid 
lupus who developed complaints of 
fatiguable muscular weakness. Re- 
sults of the neurologic examination 
were apparently normal but a decre- 
mental response to repetitive stimula- 
tion during ischemia was found on 
electrophysiologic testing. The time 
course of the complaints was probably 
suggestive for an immune-mediated 
syndrome, but was unclear as the 
patient could not be examined fre- 
quently enough; acetylcholine recep- 
tor antibodies were not searched 
for. 

As is clear from these reports, a 
drug-induced, immune-mediated my- 
asthenic syndrome is characterized by 
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the presence of acetylcholine receptor 
antibodies and/or by a typical time 
course; it usually appears after pro- 
longed intake of the drug; and the 
time needed for clinical recovery is 
much longer than expected on the 
basis of the pharmacokinetic proper- 
ties of the drug as it is dependent on 
clearance of the autoantibodies from 
the body. In our patient the syndrome 
appeared after one week of chloro- 
quine intake and clinical and electro- 
physiologic recovery was complete 
only two weeks after cessation. This 
clinical evolution is compatible with 
the rather long half-life of chloro- 
quine.'*’’ In addition, antibodies to the 
acetylcholine receptor were absent. 
Hence, we propose that the myasthen- 
ic syndrome in this patient was caused 
by a direct effect of chloroquine on the 
neuromuscular junction. 

Although postoperative respiratory 
depression in patients in whom chlo- 
roquine diorotate was introduced in 
the peritoneal cavity during abdomi- 
nal surgery has been described,* a 
direct effect on neuromuscular trans- 
mission causing a myasthenic syn- 
drome during oral intake of generally 
accepted doses has not been reported 
yet. 

Drugs can directly affect neuromus- 
cular transmission through several 
modes of action*******: at the presyn- 
aptic site, they can reduce acetylcho- 
line release by exerting a local anes- 
theticlike effect on the nerve termi- 
nal, by interference with presynaptic 
calcium fluxes, or by exerting a hemi- 
choliniumlike effect; on the postsyn- 
aptic membrane, they can have cura- 
relike effects and potentiate depolar- 
izing and/or nondepolarizing muscle 
relaxants; in addition, some drugs 
have direct effect on the muscle mem- 
brane. 

To explain the mechanism of action 
of chloroquine, the multiple pharma- 
cologic effects of this drug have to be 
taken into account. Chloroquine has 
antimuscarinic effects in rat pancre- 
atic acini“* and anticoagulant prop- 
erties. Probably more important, 
however, are the effects of chloro- 
quine on lysosomial function, through 
elevation of intralysosomial pH.”+ In 
this way, the turnover of several cellu- 
lar constituents is altered? with 
important biological consequences: 
the mechanisms of antigen processing 
and T-cell recognition by macrophag- 
es is interfered with, which together 
with the inhibitory effect of chloro- 
quine on the secretion of interleukin 1 
by monocytes, explains the effect of 
chloroquine on the immune system.**** 
The effect of chloroquine on lysosom- 
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ial function also results in changes in 
properties, turnover, and binding 
kinetics of membrane proteins such as 
the insulin receptor.*!* The relevance 
of these lysosomotropic actions of 
chloroquine with its effect on the neu- 
romuscular junction is unclear, as 
chloroquine-induced changes in the 
turnover of neuromuscular proteins, 
eg, the acetylcholine receptor protein, 
remains to be studied. 

Certainly relevant with respect to 
its action on the neuromuscular junc- 
tion is the local anestheticlike effect 
of chloroquine on membranes of axons 
and muscle fibers, which results in a 
reduction of transmitter output and a 
decrease of the amplitude of the 
action potential of the muscle fiber.’ 
These local anestheticlike properties 
of chloroquine have been documented 
clinically. Furthermore, a nondepo- 
larizing blocking action of chloro- 
quine on the neuromuscular junction 
has been found in in vivo animal 
studies and in vitro experiments using 
the sciatic sartorius preparations of 
the frog.” 

In addition, chloroquine has been 
documented to decrease mitochondri- 
al calcium binding and accumulation 
in the heart,” but, as far as we know, 
no such studies on the neuromuscular 
junction have been performed. 

It can be concluded that chloroquine 
can affect neuromuscular transmis- 
sion both through a presynaptic and 
postsynaptic mechanism of action. 
From our data it is impossible to tell 
which mechanism is causing the clini- 
cal weakness. Of interest in this 
regard may be the clearly ameliorat- 
ing effect of the intravenous adminis- 
tration of edrophonium chloride, as 
this drug is known to worsen some of 
the drug-induced myasthenic syn- 
dromes.” 

The question arises why a chloro- 
quine, Q-induced myasthenic syn- 
drome is apparently rare, considering 
the extensive use of this substance as 
an anti-inflammatory agent. Several 
possibilities should be considered. 

Could this patient actually have 
myasthenia gravis, which was un- 
masked by chloroquine? Even consid- 
ering the human leukocyte antigen 
type, the time course mentioned 
above, and the absence of acetylcho- 
line receptor antibodies make myas- 
thenia unlikely, although the latter 
argument is only of relative value.®! 

Another possibility relates to the 
pharmacokinetics of chloroquine. The 
serum levels obtained after oral 
intake show considerable interindivi- 
dual variation and the frequency of 
side effects is significantly correlated 


with serum concentrations.” As no | 
serum levels were measured, it is pos- — 


sible that the myasthenic syndrome 


was actually due to a toxic effect of — 


chloroquine on the neuromuscular 


junction. However, the absence of oth- ij 


er symptoms and signs of acute chlo- 


roquine intoxication makes this possi- 


bility unlikely. 
Therefore, one more possibility is 
our hypothesis that this patient has 


an idiopathic reduced safety factor of 


neuromuscular transmission® that 
makes him sensitive to drugs that 
impair transmission but that would 


not have any clinical effect in a 


patient who had normal neuromuscu- 
lar transmission safety. Two observa- 
tions underscore this hypothesis. 
First, the MCD as found on stimulat- 
ed SFEMG was in the high range of 
normal (23.5 us, 23.7 ws, and 21.5 us, 
upper limit of normal being 25 us). As 
Stahlberg et al“ and Schiller et al® 
have shown a clear positive correla- 
tion between the MCD and the safety 
factor of the neuromuscular transmis- 
sion relative to D-tubocurarine, the 
values found in our patient clearly 
suggest a limited safety of neuromus- 
cular transmission. A second indica- 
tion is given by the results of the 
modified double-step nerve stimula- 
tion test. Desmedt and Borenstein” 
described a test in which the neuro- 
muscular junction was challenged by 
prolonged nerve stimulation under is- 
chemia. Although the results were 
different for proximal muscles, no 
decrement was found in normal hand 
muscles after four minutes of isch- 
emia.” We modified the test by pro- 
longing the stimulation under isch- 
emia to seven minutes. Even then no 
decrement could be found in normal 
hand muscles, although a significant 
reduction of the amplitude of the mus- 
cle potential was observed, as was 
found by Desmedt and Borenstein” as 
well. Our patient, however, displayed 
a clear decrement under these circum- 
stances (21%); this decrement was 
readily reversible, excluding technical 
explanations for the decrement ob- 
served. This shows the abnormal sen- 
sitivity of the patient’s neuromuscu- 
lar junction to challenging conditions 
such as seven minutes of repetitive 
stimulation under ischemia. 

The myasthenic syndrome in this 
patient was caused by a direct effect 
of chloroquine on neuromuscular 
transmission. This finding confirms 
that the effects of this drug on neuro- 
muscular transmission found in labo- 
ratory studies may have clinical rele- 
vance. It is suggested that this may 
only be the case in patients with a 
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safety factor. 


We thank Martin Lammens, MD, for process- 
ing the biopsy specimens and M. T. Bareau for 
her typographical work. 
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CONFERENCE OBJECTIVES 


I. Surgeons will explore current concepts in boneworking through lec- 


tures, conferences, and clinical procedures on video. 
OR personnel will participate in the same activities. 


II. Surgeons will participate in hands-on workshops with advanced 
pneumatic instrumentation so their boneworking problems will be 
refined, expedited, and facilitated. 


OR personnel will participate in hands-on workshops as well as give 
particular attention to equipment care and maintenance, so that 


when OR personnel have completed the course, they will have im- 


proved competence in OR support. 


III. Surgeons who have completed the symposium should be able to ap- 
ply immediately their amplified skills in the operating room to do 


their bonework per se in the time delineated:+ 
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BIOMETALS+#: (Superalloys, Tité niu m alloys, Stainless steels) Transect 
and shape in OR, 14 min.; in situ, 14 min. 


+ Procedural times refer to the actual time of running the instrument. 


Surgeons will be furnished sufficient materials and advice necessary for 
any special procedure they may envision. Plastic, Craniofacial, Max- 
illofacial, and ENT problems will be explored according to the individual 

wishes of the surgeons. 


CONFERENCE HOURS: Most conferences begin at 7:00 a.m. and end 
„at 1:00 p.m., allowing for other activities in the afternoon and evening. 


CREDITS: Each of these conferences qualifies for AMA-CME credit. 


FEE: Surgeon — US $965.00; Resident — US $585.00 (with letter from 
department head); All Operating Room Personnel (RN /CST/PA/Other) — 
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For additional information, call or write. 
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ENT, Maxillofacial, Plastic and ORL Surgeons 

should attend conferences for Neurosurgeons. 
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NEL ONLY. (Immediately precedes the National 
Association of Orthopaedic Nurses meeting.) 
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CINCINNATI, OH, JUN. 21-22-23. Cosponsored by 
The Department of N eg University of Cin- 
cinnati Medical Center, Mayfield Neurological Insti- 
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The Cleveland Clinic Foundation. 
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Head Island Neurosurgical Symposium.) 


WORCESTER, MA, AUG. 23-24-25. Cospon- 
sored by Saint Vincent Hospital in affiliation 
with the University of Massachusetts Medical 

School, Department of Neurosurgery. 


MONTREAL, QUEBEC, CAN., OCT. 9-10-11. 


ANAHEIM, CA, OCT. 19-20-21. 


ATLANTA, GA, OCT. 26-27-28. (Immediately 
precedes the Congress of Neurological Surgeons 
meetings.) 
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Hands-on workshops are held eon in the perma- 
nent facility locations listed below. For schedules of 
these courses see permanent facility announcements 
elsewhere in this journal, or you may telephone to re- 
quest a complete calendar of hands-on workshops. 
DALLAS/FORT WORTH, Home Office, 2929 
Race Street, Fort Worth, Texas. 

NEW YORK CITY, 115 East 61st Street, Lower 
Level. 

THE PALM BEACHES, 529 25th Street, West 
Palm Beach, Florida. 

CHICAGO, 728 West Algonquin Road, Arlington 
; Heights, Illinois. 

LOS ANGELES/ANAHEIM, 625 West Katella, 
Unit 22, Orange, California. 
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EEG Mapper 


—Now from the leader ...a modestly priced addition to the 
world renowned Brain Atlas series. 


Whenever professionals interested in 
the brain think about advanced analysis, 
Topographic Brain Mapping comes to mind. 
Now Bio-logic has developed the Brain 
Atlas EEG Mapper; a modestly priced 
system for adding topographic mapping 
to your EEG machine. 

Use your EEG machine with the EEG 
Mapper and save money 

The Bio-logic EEG Mapper connects 
to your existing EEG machine via a cable. 
It is able to process up to 32 signal sources. 
EEG Mapper translates the EEG signals 
into multi-color topographic maps, capable 
of indicating even subtle abnormalities. 


Call toll free at: 800-323-8326 


Corporate 


Minors cal collect: 312. 949-5200 


A powerful package with 
a distinguished heritage 

The EEG Mapper is derived from our 
Brain Atlas series. The EEG Mapper brings 
you the EEG analysis power of the Brain 
Atlas at an entry level price. The EEG 
Mapper can even be upgràded to a full 
featured Brain Atlas. 


Patient analysis and comparisons 
Both analysis and comparison to 
normal population are at your fingertips. 
The topographic maps may be easily 
manipulated to show a variety of views, 
summaries, and specific localizations. 


Europe/Middle East 


Telephone: 44 608 41 981 
Telex: Ref. EEGO01, 


EEG Mapper is yours to command 

Interested in frequency analysis? The 
EEG Mapper will perform an FFT with 
just one command. How about Processed’ 
EEG? The EEG Mapper also performs 
CSA with the push of just one button. 

Tired of mountains of paper? The EEG 
Mapper can store it for you, electronically, 
in digital form (with an optional paper 
printout). Would you like to pick the EEG 
to save or analyze, editing out any artifact 
included? The EEG Mapper will let you 
separate the good data from the bad. You 
may even use digital filtering to remove 
interference after the fact. 


View and Review 

Ever wish you could replay EEG with 
a different montage? The EEG Mapper 
can. If you record in a referential montage, 
it may be replayed through your EEG 
machine in any montage you choose. 


Look and See 

See for yourself. The EEG Mapper is 
just the size of a desk top computer. Call 
and arrange for one of our professionals 
to demonstrate the EEG Mapper right in 
your office. 
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“Once iri a blue moon” describes the phenomenon in which 
the moon appears as a brilliant blue. Seen worldwide following 
the volcanic eruption of Krakatoa in 1883, the blue moon occurs 
only when atmospheric cloud droplets, each less than 5 pm in 
diameter, form in abundance—an exceedingly rare event? 





As rare as a seizure on Dilantin’ 
phenytoin 


For as many as 86% of patients, sei- 
zures occur only once in a blue moon— 
if at all—once Dilantin monotherapy 
is under way.? 


That fact holds true for partial, 
complex partial, generalized tonic- 
clonic seizures, and status epilepticus. 


And it’s achieved without significant 
cognitive impairment at therapeutic 
drug levels (10 to 20 pg/mL), often with 
once-daily therapy (Dilantin Kapseals®), 
which enhances compliance. 


What you demand, Dilantin does— 
for millions of patients every day. 


That’s why Dilantin remains a drug 
of choice. 


And that’s why most patients on 
Dilantin will wait a long, long time to 
see another seizure. 


Dilantin 
(phenytoin) 
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DILANTIN® (Phenytoin Sodium Injection, USP) PARENTERAL 


Before prescribing, please see full prescribing information. A Brief Summary follows. 








IMPORTANT NOTE 
This drug must be administered slowly. In adults do not exceed 50 mg per minute intravenously. 
In neonates, the drug should be administered at a rate not exceeding 1-3 mg/kg/min. 






INDICATIONS AND USAGE: Parenteral: Parenteral Dilantin is indicated for the control of status epilepticus of the 
grand mal type, and prevention and treatment of seizures occurring during neurosurgery. 

Oral: Dilantin is indicated for the control of generalized tonic-clonic (grand mal) and complex partial 
(psychomotor, temporal lobe) seizures and prevention and treatment of seizures occurring during or following 
neurosurgery. 

Phenytoin serum level determinations may be necessary for optimal dosage adjustments (see Dosage and 
Administration and Clinical Pharmacology). 

CONTRAINDICATIONS: Parenteral and Oral: Phenytoin is contraindicated in those patients who are hypersensitive 
to phenytoin or other hydantoins. 

Parenteral: Because of its effect on ventricular automaticity, phenytoin is contraindicated in sinus bradycardia, 
sino-atrial block, second and third degree A-V block, and patients with Adams-Stokes syndrome. 
WARNINGS: Parenteral: Intravenous administration should not exceed 50 mg per minute in adults. 
In neonates, the drug should be administered at a rate not exceeding 1-3 mg/kg/min. 

Severe cardiotoxic reactions and fatalities have been reported with atrial and ventricular conduction depression 
and ventricular fibrillation. Severe complications are most commonly encountered in elderly or gravely ill patients. 
Phenytoin should be used with caution in patients with hypotension and severe myocardial insufficiency. 

Hypotension usually occurs when the drug is administered rapidly by the intravenous route. 

The intramuscular route is not recommended for the treatment of status epilepticus since blood levels of 
phenytoin in the therapeutic range cannot be readily achieved with doses and methods of administration ordinarily 
employed. 

Oral: Abrupt withdrawal of phenytoin in epileptic patients may precipitate status epilepticus. When, in the 
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Parenteral and Oral: There have been a number of reports suggesting a relationship between phenytoin and 
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In all cases of lymphadenopathy, follow-up observation for an 
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achieve seizure control using alternative antiepileptic drugs. 

Acute alcoholic intake may increase phenytoin serum 
levels while chronic alcoholic use may decrease serum levels. 
Usage in Pregnancy: Parenteral and Oral: A number of reports 
Suggests an association between the use of antiepileptic drugs by women with epilepsy and a higher incidence 
of birth defects in children born to these women. Data are more extensive with respect to phenytoin and 
phenobarbital, but these are also the most commonly prescribed antiepileptic drugs; less systematic or anecdotal 
reports suggest a possible similar association with the use of all known antiepileptic drugs. 

The reports suggesting a higher incidence of birth defects in children of drug-treated epileptic women cannot be 
regarded as adequate to prove a definite cause and effect relationship. There are intrinsic methodologic problems 
in obtaining adequate data on drug teratogenicity in humans; genetic factors or the epileptic condition itself may be 
more important than drug therapy in leading to birth defects. The great majority of mothers on antiepileptic medication 
deliver normal infants. It is important to note that antiepileptic drugs should not be discontinued in patients in whom 
the drug is administered to prevent major seizures, because of the strong possibility of precipitating status epilepticus 
with attendant hypoxia and threat to life. In individual cases where the severity and frequency of the seizure disorder 
are such that the removal of medication does not pose a serious threat to the patient, discontinuation of the drug may 
be considered prior to and during pregnancy, although it cannot be said with any confidence that even minor seizures 
do not pose some hazard to the developing embryo or fetus. The prescribing physician will wish to weigh these 
considerations in treating or counseling epileptic women of childbearing potential. 

In addition to the reports of increased incidence of congenital malformation, such as cleft lip/palate and heart mal- 
formations in children of women receiving phenytoin and other antiepileptic drugs, there have more recently been 
reports of a fetal hydantoin syndrome. This consists of prenatal growth deficiency, microcephaly and mental deficiency 
in children born to mothers who have received phenytoin, barbiturates, alcohol, or trimethadione. However, these 
features are all interrelated and are frequently associated with intrauterine growth retardation from other causes. 

There have been isolated reports of malignancies, including neuroblastoma, in children whose mothers received 
phenytoin during pregnancy. 

An increase in seizure frequency during pregnancy occurs in a high proportion of patients, because of altered 
phenytoin absorption or metabolism. Periodic measurement of serum phenytoin levels is particularly valuable 
inthe management of a pregnant epileptic patient as a guide to an appropriate adjustment of dosage. However, 
postpartum restoration of the original dosage will probably be indicated. 

Neonatal coagulation defects have been reported within the first 24 hours in babies born to epileptic mothers 
receiving phenobarbital and/or phenytoin. Vitamin K has been shown to prevent or correct this defect and has 
been recommended to be given to the mother before delivery and to the neonate after birth. 

PRECAUTIONS: General: Parenteral: The addition of Dilantin solution to intravenous infusion is not recommended 
due to lack of solubility and resultant precipitation. 

Parenteral Dilantin should be injected slowly (not exceeding 50 mg per minute in adults), directly into a large 
vein through a large-gauge needle or intravenous catheter. Each injection of intravenous Dilantin should be followed 
by an injection of sterile saline through the same needle or intravenous catheter to avoid local venous irritation 
due to the alkalinity of the solution. Continuous infusion should be avoided. 

Soft tissue irritation and inflammation has occurred at the site of injection with and without extravasation of 
intravenous phenytoin. Soft tissue irritation may vary from slight tenderness to extensive necrosis, sloughing, 
and in rare instances has led to amputation. Improper administration including subcutaneous or perivascular 
injection should be avoided to help prevent possibility of the above. 

Oral: Osteomalacia has been associated with phenytoin therapy and is considered to be due to phenytoin's 
interference with Vitamin D metabolism. 

Parenteral and Oral: The liver is the chief site of biotransformation of phenytoin; patients with impaired liver 
function, elderly patients, or those who are gravely ill may show early signs of toxicity. 

A small percentage of individuals who have been treated with phenytoin have been shown to metabolize the 
drug slowly. Slow metabolism may be due to limited enzyme availability and lack of induction; it appears to be 
genetically determined. 

Phenytoin should be discontinued if a skin rash appears (see “Warnings” section regarding drug 
discontinuation). If the rash is exfoliative, purpuric, or bullous or if lupus erythematosus, Stevens-Johnson 
syndrome, or toxic epidermal necrolysis is suspected, use of this drug should not be resumed and alternative 
therapy should be considered. (See Adverse Reactions.) If the rash is of a milder type (measles-like or 
scarlatiniform), therapy may be resumed after the rash has completely disappeared. If the rash recurs upon 
reinstitution of therapy, further phenytoin medication is contraindicated. 

Hyperglycemia, resulting from the drug's inhibitory effects on insulin release, has been reported. Phenytoin 
may also raise the serum glucose level in diabetic patients. 
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procedures should be performed as indicated. 
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Serum levels of phenytoin sustained above the optimal range may produce confusional states referred to as 
‘delirium,’ “psychosis,” or “encephalopathy” or rarely irreversible cerebellar dysfunction. Accordingly, at the first 
sign of acute toxicity, plasma levels are recommended. Dose reduction of phenytoin therapy is indicated if plasma 
levels are excessive; if symptoms persist, termination is recommended. (See Warnings) 

Information for Patients: Oral: Patients taking phenytoin should be advised of the importance of adhering strictly 
to the prescribed dosage regimen, and of informing the physician of any clinical condition in which itis not possible 
to take the drug orally as prescribed, eg, surgery, etc. 
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The importance of good dental hygiene should be stressed in order to minimize the development of gingival 
hyperplasia and its complications. 

Do not use capsules which are discolored. 

Laboratory Tests: Parenteral and Oral: Phenytoin serum level determinations may be necessary to achieve optimal 
dosage adjustments. 

Drug Interactions: Parenteral and Oral: There are many drugs which may increase or decrease phenytoin levels 
or which phenytoin may affect. The most commonly occurring drug interactions are listed below: 1. Drugs which 
may increase phenytoin serum levels include: chloramphenicol, dicumarol, disulfiram, tolbutamide, isoniazid, 
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Moban® brand of Molindone Hydrochloride contains calcium ions which interfere with the absorption of phenytoin. 
Ingestion times of phenytoin and antacid preparations containing calcium should be staggered in patients with 
low serum phenytoin levels to prevent absorption problems. 

3. Drugs which may either increase or decrease phenytoin serum levels include: phenobarbital, valproic acid, 
and sodium valproate. Similarly, the effect of phenytoin on phenobarbital, valproic acid and sodium valproate 
serum levels is unpredictable. 

4. Although not a true drug interaction, tricyclic antidepressants may precipitate seizures in susceptible patients 
and phenytoin dosage may need to be adjusted. 

5. Drugs whose efficacy is impaired by phenytoin include: corticosteroids, coumarin anticoagulants, oral 
contraceptives, quinidine, vitamin D, digitoxin, rifampin, doxycycline, estrogens, furosemide. 

Serum level determinations are especially helpful when possible drug interactions are suspected. 
Drug/Laboratory Test Interactions: Parenteral and Oral: 
Phenytoin may cause decreased serum levels of protein-bound 
iodine (PBI). It may also produce lower than normal values for 
dexamethasone or metyrapone tests. Phenytoin may cause 
increased serum levels of glucose, alkaline phosphatase, and 
gamma glutamy! transpeptidase (GGT). 

Carcinogenesis: Parenteral and Oral: See ‘Warnings’ section for 
information on carcinogenesis, 

Pregnancy: Parenteral and Oral: See Warnings 

Nursing Mothers: Parenteral and Oral: \nfant breast-feeding is 
not recommended for women taking this drug because phenyt- 
oin appears to be secreted in low concentrations in human milk, 
ADVERSE REACTIONS: Parenteral: The most notable signs of 
toxicity associated with the intravenous use of this drug are cardiovascular collapse and/or central nervous system 
depression. Hypotension does occur when the drug is administered rapidly by the intravenous route. The rate 
of administration is very important; it should not exceed 50 mg per minute in adults, and 1-3 mg/kg/min in 
neonates. At this rate, toxicity should be minimized. 

Cardiovascular: Parenteral: Severe cardiotoxic reactions and fatalities have been reported with atrial and 
ventricular conduction depression and ventricular fibrillation. Severe complications are most commonly 
encountered in elderly or gravely ill patients. 

Injection Site: Parenteral: Local irritation, inflammation, tenderness, necrosis, and sloughing have been reported 
with or without extravasation of intravenous phenytoin. 

Central Nervous System: Parenteral and Oral: The most common manifestations encountered with phenytoin 
therapy are referable to this system and are usually dose-related. These include nystagmus, ataxia, slurred speech, 
decreased coordination and mental confusion. Dizziness, insomnia, transient nervousness, motor twitchings, 
and headaches have also been observed. There have also been rare reports of phenytoin induced dyskinesias, 
including chorea, dystonia, tremor and asterixis, similar to those induced by phenothiazine and other neuroleptic 
drugs. 

A predominantly sensory peripheral polyneuropathy has been observed in patients receiving long-term 
phenytoin therapy. 

Gastrointestinal System: Parenteral and Oral: Nausea, vomiting, and constipation. 

Integumentary System: Parenteral and Oral: Dermatological manifestations sometimes accompanied by fever 
have included scarlatiniform or morbilliform rashes. A morbilliform rash (measies-like) is the most common; other 
types of dermatitis are seen more rarely. Other more serious forms which may be fatal have included bullous, 
exfoliative or purpuric dermatitis, lupus erythematosus, Stevens-Johnson syndrome, and toxic epidermal 
necrolysis (see Precautions). 

Hemopoietic System: Parenteral and Oral: Hemopoietic complications, some fatal, have occasionally been 
reported in association with administration of phenytoin. These have included thrombocytopenia, leukopenia, 
granulocytopenia, agranulocytosis, and pancytopenia with or without bone marrow suppression. While 
macrocytosis and megaloblastic anemia have occurred, these conditions usually respond to folic acid therapy. 
Lymphadenopathy including benign lymph node hyperplasia, pseudolymphoma, lymphoma, and Hodgkin's 
Disease have been reported (see Warnings). 

Connective Tissue System: Parenteral and Oral: Coarsening of the facial features, enlargement of the lips, gingival 
hyperplasia, hypertrichosis, and Peyronie's Disease. 

Other: Parenteral and Oral: Systemic lupus erythematosus, periarteritis nodosa, toxic hepatitis, liver damage, 
and immunoglobulin abnormalities may occur. 

OVERDOSAGE: Parenteral and Oral: The lethal dose in children is not known. The lethal dose in adults is estimated 
to be 2 to 5 grams. The initial symptoms are nystagmus, ataxia and dysarthria. Other signs are tremor, hyper- 
reflexia, lethargy, slurred speech, nausea, vomiting. The patient may become comatose and hypertensive. Death 
is due to respiratory and circulatory depression. 

There are marked variations among individuals with respect to phenytoin plasma levels where toxicity may 
occur. Nystagmus, on lateral gaze, usually appears at 20 mcg/mL, ataxia at 30 mcg/mL, dysarthria and lethargy 
appear when the plasma concentration is over 40 mcg/mL, but as high a concentration as 50 mcg/mL has been 
reported without evidence of toxicity. As much as 25 times the therapeutic dose has been taken to resultin a serum 
concentration over 100 mcg/mL with complete recovery. 

Treatment: Treatment is nonspecific since there is no known antidote. 

The adequacy of the respiratory and circulatory systems should be carefully observed and appropriate 
supportive measures employed. Hemodialysis can be considered since phenytoin is not completely bound to 
plasma proteins. Total exchange transfusion has been used in the treatment of severe intoxication in children. 

In acute overdosage the possibility of other CNS depressants, including alcohol, should be borne in mind. 
Caution — Federal law prohibits dispensing without prescription. 
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Professor and Chairman, Department of 
Neurology, University of Kyoto School 
of Medicine, Kyoto, Japan, and 
Professor, Division of Clinical 
Electrophysiology, Department of 
Neurology, University of Iowa College 

of Medicine, Iowa City, Iowa. 


With contributions by Peter J. Seaba, 
MSEE, and D. David Walker, MSEE, of 
the Department of Neurology, Division 

of Clinical Electrophysiology, University of 
Iowa College of Medicine, Iowa City, Iowa. 


709 pp. About 285 ill. 1989. $85.00. 


OF RELATED INTEREST 


The Wernicke-Korsakoff Syndrome, 
2nd Edition An exciting update 
which greatly expands upon the authors’ 
classic reference on Wernicke 
encephalopathy and Korsakoff psychosis. 
By Maurice Victor, MD, Raymond D. 
Adams, MD, and George H. Collins, MD. 
231 pp. Illustd. 1989. $49.00. 


Seizures and Epilepsy This exciting 
new comprehensive work reviews all recent 
advances in epilepsy research that have 
immediate or potential clinical applications, 
and presents the latest guidelines on 
diagnosis and management. 

By Jerome Engel, Jr., MD, PhD 

About 600 pp. Illustd. Ready July 1989. 
About $90.00. 
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text on electrodiagnosis . . . will 
become the major volume used in our 


laboratories . . . This book should now 
be regarded as the most comprehensive 


single-author volume in the field.” 


Archives of Neurology, June 1984 


Five years ago, the first edition of 
Electrodiagnosis in Diseases of Nerve 
and Muscle: Principles and Practice was 
widely hailed as the definitive text, a 
“classic” that would only be replaced, 
according to one reviewer, when 

Dr. Kimura wrote the second edition. 

That second edition is now a reality— 
updated to reflect the rapid medical and 
technologic advances made during the 
past five years, and featuring more than 
1200 additional references. 

Sections rewritten in their entirety 
include Facts, Fallacies, and Fancies of 
Nerve Stimulation Technique; Single- 
Fiber and Macro Electromyography; 
Somatosensory and Motor Evoked 
Potentials; Polyneuropathies; Myasthenia 
Gravis and Other Disorders of 
Neuromuscular Transmission; 
Myopathies; and Fundamentals of 
Electronics, Instrumentation, and 
Electrical Safety. 

For all those concerned with 
electrodiagnostic tests as an extension of 
clinical examination, this outstanding 
volume is a must. 
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Calendar 


1989 
May 21-23 


22-23 


22-23 
25-26 


27-June 11 
28-June 11 


June 1-2 


4-6 


14-16 


July 17-21 


23-27 


23-27 


CALENDAR OF MEETINGS 


“Current and Future Trends in Anticonvulsant, Anxiety, and Stroke Therapy," Hyatt Regency 
Princeton (NJ). Contact Dr John C. Emmet, Dialog in Science, The Studio, 12 High St, 
Wheathampstead, Hertfordshire AL4 8A,A England; 058-283-4117. 

17th Annual Hans Berger Day Electroencephalogram Symposium, Richmond, Va. Contact Hans 
Berger Day, Department of Neurology, Medical College of Virginia, Box 599-MCV Station, 
Richmond VA 23298; (804) 786-0840. 

‘‘Neurosurgical/ Neurological Intensive Care: Update and Review,” The Cleveland (Ohio) Clinic 
Foundation. Contact The Cleveland Clinic Educational Foundation, Department of Continuing 
Education, 9500 Euclid Ave, Room TT-31, Cleveland, OH 44195-5241; (800) 762-8172 (Ohio), 
(800) 762-8173 (outside Ohio). 

Advanced Evoked Potentials and Related Techniques in Clinical Neurophysiology: Basic Principles 
and Special Applications, Rome. Contact Dr M. D. Caramia, Dipartimento di Sanita Pubblica, II 
Universita’ di Roma ’ ’ Tor Vergata,” Via O. Raimondo, 00173 Rome, Italy; (06) 5 914 436: telefax, 
(05) 6 133 063. 

4th International Symposium on Cerebral Blood Flow and Metabolism—Brain ’89, Palazzo dei 
Congressi, Bologna, Italy. Contact Professor Cesare Fieschi, co GIBI Studio Congressi, Via Marco 
Besso, 40 00191 Rome, Italy; telephone 06/3286478-3273291. 

4th International Symposium on Cerebral Blood Flow and Metabolism: Brain 89, Bologna, Italy. 
Contact Professor Cesare Fieschi, c/o GIBI Studio Congressi, Via Marco Besso, 40 00191 Rome, 
Italy; (06) 3 286 478; telefax, (06) 3 276 288. 

“Virus and the Brain,” the Third Northern Lights Neuroscience Symposium, Reykjavik, Iceland. 
Contact Dr Gudmundur Georgsson, Institute for Experimental Pathology, University of Iceland, 
Keldur, PO Box 8540, IS- 128, Reykjavik, Iceland; 354-1-82811. 

The International Symposium on Pediatric Neuro-Oncology, Seattle, Wash. Contact Continuing 
Medical Education, SC-50, University of Washington School of Medicine, Seattle, WA 98195; 
(206) 543-1050. 

‘“‘Neurotransmission and Cerebrovascular Function,” an official satellite meeting of the 14th 
International Symposium on Cerebral Blood Flow and Metabolism, La Napoule, France. Contact Dr 
J. Seylaz, Inserm U 182, CNRS UA 641, 10 Avenue de Verdun, 75010 Paris, France; (33) 142 417 
969. 

24th Canadian Congress of Neurological Sciences, Ottawa, Ontario. Contact Secretariat, 
Canadian Congress of Neurological Sciences, 116C, 1330 15th Ave SW, Calgary, Alberta T3C 
3N6, Canada, (403) 229-9544. 

“Developments in Intensive Care Monitoring,” St Bartholomew’s Hospital, London. Contact D. T. 
Delpy, Department of Medical Physics, University College London, Shropshire House, Capper 
Street, London WC1E6JA, England; (01) 380 9700. 

‘‘Annual Postgraduate Course and Scientific Meeting,” Westin Hotel, Boston. Contact American 
Association for the Study of Headache, PO Box 5136, San Clemente, CA; (714) 498-1846. 
International Congress on the Meaning of the Near-Death Experience: Epistemology, Conscious- 
ness Research, and Therapy, Florø, Norway. Contact Rune Amundsen,County Hospital of Florø, 
N-6901, Florø, Norway. 

19th Central European Neurological Symposium, Vienna, Austria. Contact Mrs Elisabeth 
Ribar-Maurer, c/o Wiener Medizinische Akademie, Alser Strasse 4, A-1090 Vienna, Austria; 
(222) 42 13 83-0. 

12th Annual Contemporary Clinical Neurology Meeting, The Conference Center at Palmetto Dunes 
Resort, Hilton Head Island, SC. Contact Division of Continuing Medical Education, Vanderbilt 
University Medical Center, CCC-5326 Medical Center N, Nashville, TN 37232; (615) 322-4030. 
International Symposium on Developmental Neuroscience, Beijing, sponsored by the Chinese 
Academy of Medical Sciences and the International Society for Developmental Neuroscience. 
Contact Professor Dr Ramon Lim, Division of Neurochemistry and Neurobiology, Department of 
Neurology, University of lowa, lowa City, IA 52242. 

International Symposium on Developmental Neuroscience, Xian, China. Contact Professor Ramon 
Lim, Division of Neurochemistry and Neurobiology, University of lowa, lowa City, IA 52242. 
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a personalized 


management plan 


More Than 

a Prescription 

As you know, it takes 
more than a prescription 
to manage Parkinson’s 
disease. An individualized 
lifestyle modification program — 
encompassing diet, exercise and 
day-to-day coping strategies — is often bene- 
ficial to the patient. 





A Total Treatment Strategy 

That’s why Sandoz is bringing you PATH”. A 
comprehensive new program that expands ther- 
apy beyond drug treatment, PATH is the route 
to better management of Parkinson’s disease. 


Developed in conjunction with national 
Parkinson’s disease associations and Parkinson’s 
disease specialists, PATH involves patient, family, 
pharmacist and physician in a total treatment 
strategy. 


The PATH Program puts you and your patients 
in touch with the latest information on symptom 
control and living with symptoms. It serves as a 
useful adjunct to your clinical management and 
provides a dependable additional source of 
information for your patients and their families. 


Home/Office Video Program 

PATH begins with a videotape that describes 

the program and reviews current approaches to 
living with Parkinson’s symptoms. It can be made 
available to your patients for home or office use. 


Regular Direct-to-Patient Mailings 

Patients receive regular PATH mailings contain- 

ing practical tips on day-to-day living with 

Parkinson’s symptoms. Topics include: 

E Coming to terms with Parkinson’s disease 

m How to reduce stress and associated 
symptoms 

E How to deal with social issues raised by 
chronic disease 

B® How to achieve good nutritional status 

E Improving symptoms through exercise 


for ever 
Parkins 
patient 





Cliniscan’ 

The Cliniscan”™ Program 
is a unique personal- 
ized assessment pro- 

gram, available to 

qualified patients. 

Cliniscan™ provides your 

patients with specific recom- 

mendations for making helpful changes in their 
lifestyles. It also helps you monitor patient 

progress and provides you with the latest infor- 
mation on the treatment of Parkinson’s disease. 


A 
ons 





Quarterly questionnaires detailing the impact of 
Parkinson’s symptoms on daily activities are 
completed by patients and their families. Their 
responses generate specific non-pharmacologic 
recommendations based on input from a board 
of Parkinson’s disease specialists. These are for- 
warded first to you and then to your patients. 


Enroll Your Patients Today! 
For further information, including patient enroll- 


ment forms, just fill in this coupon and return it 
to: PATH, P.O. Box 220, Hawthorne, NJ 07507. 


Or call toll free 1-800-874-PATH. 


m 








Because it takes more than a prescription 
to manage Parkinson’s disease 


Please provide PATH patient enrollment forms 
and information to: 


Dr. 

(please print) 
Address 
City State... Zip 


A Complimentary Service of 


A, SANDOZPHARMACEUTICALS 
ion, E. Hanover, NJ. 07936 (201) 503-7500 
© 1989 Sandoz Pharmaceuticals Corporation 
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Books 


Clinical Atlas of Auditory Evoked Potentials, 
edited by Jeffrey H. Owen and Charles D. Dono- 
hoe, 199 pp, with illus, New York, Grune & 
Stratton, 1988. 


In six chapters, this book reviews 
the application of auditory evoked 
potentials to electrocochleography, 
audiometry, adult and pediatric clini- 
cal neurology, acute brain injury, and 
surgical monitoring. It is a large 
(8% X 11-in) format book, richly illus- 
trated with evoked response exam- 
ples, scans, and diagrams. The text is 
brief. This is not a comprehensive 
text, but rather a focused treatment 
capturing the essence of each specific 
application. The authors provide a 
substantial and manageable introduc- 
tion to each of the six topics, which 
are well illustrated with case exam- 


ples. 
Davin N. Situ, MD, PHD 
Rochester, NY 


Toscanini’s Fumble and Other Tales of Clinical 
Neurology, by Harold L. Klawans, Chicago, Con- 
temporary Books Inc, 1988. 


Klawans’ collection of neurologic 
essays is meant for the equivalent of 
the nonmedical audience at Charcot’s 
Tuesday morning lecture-demonstra- 
tions: persons intrigued by the aber- 
rations of the brain and by the 
skills—“Maigretean,” Oliver Sacks 
might call them—needed to puzzle 
them out. (Klawans writes about Mai- 
gret without drawing attention to 
himself, but the resemblance he sees 
between the professions of neurologist 
and detective is made clear.) 

The formula he uses is to present a 
case in the form of a biographical 
sketch, and to interlard didactic mate- 
rial. He sticks to what he knows well 
(Parkinson’s and Huntington’s dis- 
eases), or to what all neurologists 
know well (trigeminal neuralgia, 
transient ischemic attack), but he 
always has a special point to make: 
how information accrues, and the 
unknown suddenly or gradually 
becomes the known; how misdiagnosis 
may result from the narrowness of 
one person’s range of experience and 
information; how the barrier between 
two minds, even those of confiding 
patient and caring doctor, can result 
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in tragedy. In his stories, patients kill 
themselves with the pills he has pre- 
scribed, or die because the unorthodox 
treatment he devises does not work, 
but Harold Klawans is not David Hil- 
fiker, who, in Healing the Wounds, 
wrote about “Facing our Mistakes”: 
he does not burn out, does not suffer 
because he was unprepared; he is con- 
fident of his capabilities, proud of 
what he can do. 

Written succinctly in a staccato 
style, the stories draw often on sports 
and music for their analogies. They do 
not philosophize a la Harry Lee Par- 
ker, but they are honestly told, are the 
product of an inquiring mind, and 
hold the reader, including the reader 
whose training is similar to the 
author’s but who will still discover a 
probing question or a new insight in 


what Klawans has written. 
Davip GOLDBLATT, MD 
Rochester, NY 


Epilepsy, edited by Anthony Hopkins, 571 pp, 
London, England, Chapman & Hall, 1987. 


Headache: Problems in Diagnosis and Manage- 
ment, edited by Anthony Hopkins, 385 pp, $30, 
Philadelphia, Pa, WB Saunders Co. 


Epilepsy addresses a number of 
clinically important issues that are 
not well covered elsewhere. Such mat- 
ters as epilepsy and driving, epilepsy 
and the law, epilepsy surgery, and 
epilepsy after intracranial injury are 
particularly helpful. The chapter, “So- 
ciological Aspects of Epilepsy” con- 
cerned with the social meaning of 
epilepsy, its influence on the individu- 
al, the family, and the workplace, is 
first rate. Some British law, medica- 
tions, and social issues are not direct- 
ly relevant to American and Canadian 
practice, but are of comparative inter- 
est. If there be any disorder in neuro- 
logic practice that calls for knowledge, 
skills, and attitudes that comprise the 
art of medicine, it is headache. Recog- 
nizing that epidemiology, social psy- 
chology, and sociology, among others, 
are sciences of importance in head- 
ache management, the editor of Head- 
ache has obtained contributions from 
workers in many fields, and this eclec- 
tic approach is a helpful framework 


for the practicing physician. The 
chapter, “Illness Behaviour and Head- 
ache, and the Sociology of Consulta- 
tions for Headache” is a neurologist’s 
primer in the applications of medical 
sociology to a specific clinical prob- 
lem. It presents the evidence that the 
sometimes conflicting a priori expec- 
tations of neurologists and their 
patients with headache may influence 
patients’ a posteriori assessments of 
the success or failure of their consul- 
tations. 

Together, these two books pose fun- 
damental questions of great impor- 
tance to those concerned with the 
education of the neurologist in the 
United States, where the prestige and 
reward system within the university 
tends to favor the most highly special- 
ized clinical faculty. In both numbers 
and influence, hospital-based neuro- 
logic subspecialties now dominate 
most university departments of neu- 
rology in the United States. As medi- 
cal practice and care in the United 
States teaching hospitals become 
more highly specialized, and concomi- 
tantly less representative of office- 
based practice and ambulatory care, 
what is the optimum role of the gener- 
al neurologist in postgraduate and 
continuing medical education, vis-a- 
vis the more narrowly focused, hospi- 
tal based, neurologic subspecialist? 
Does a broadly competent and experi- 
enced clinician make an important 
contribution to the education and 
training process, or merely a watered 
down version of what is known in 
subspecialty medicine? 

In our view, the distinction between 
amateurism and scholarly generalism 
is herein demonstrated. These two 
books provide the medical student, 
resident, and practicing neurologist 
with a comprehensive overview of epi- 
lepsy and headache that includes an 
epidemiologic approach to, and a 
social perspective of, practice and care 
that are essential requirements for 
the office-based neurologist, and 
should therefore have a direct and 
favorable impact on physician’s per- 
formance. 

MATTHEW MENKEN, MD 


ROGER BEHAR, MD 
Somerset, NJ 


Books 




















2 i ~ = —_—s 





Persantine QILE] Quincy Physicians 


(dipyridamole)? 2 of 25, 50 and © mg ÁL Surgeons Clinic, ot 


Brief Summary of Prescribing Information 
CONTRAINDICATIONS None known. 


PRECAUTIONS General Persantine® (dipyridamole Our clinic needs a neurologist to develop our 
USP) should be used with caution in patients with 

enan since itoan plodoce Geroheral neurology department and lab. We can offer: 
vasodilation. 


Carcinogenesis, Mutagenesis, Impairment of ; 
Fertility In a 111 week oral study in mice and in a e Chance to select own equipment 
128-142 week oral study in rats, Persantine produced 


no significant carcinogenic effects at doses of 8, 25 . à ` 

and 75 mg/kg (1, 3.1 and 9.4 times the maximum e 2 excellent hospitals equipped with MRI 
recommended daily human dose). Mutagenicity test- 

ing with Persantine was negative. Reproduction and CAT scans 


studies with Persantine revealed no evidence of 


impaired fertility in rats at dosages up to 60 times the . . 

maximum recommended human dose. A significant £ Drawing population of 220,000 
reduction in number of corpora lutea with consequent 

reduction in implantations and live fetuses was, YO 

however, observed at 155 times the maximum recom- " p roductivity-based pay plan 


mended human dose. 


Teratogenic Effects PREGNANCY CATEGORY B e Shared call 
Reproduction studies have been performed in mice 


and rats at doses up to 125 mg/kg (15.6 times the . 

maximum recommended daily human dose) and e 50 well-trained colleagues 

rabbits at doses up to 20 mg/kg and have revealed 

no evidence of harm to the fetus due to Persantine. e ° . 

There are, however, no adequate and well-controlled p rosperous mid-sized college town 


studies in pregnant women. Because animal repro- 
duction studies are not always predictive of human 


response, this drug should be used during pregnanc : ; 
oobi ey uring pregnancy For more information, contact Dana S. 
Nursing Mothers As dipyridamole is excreted in Miller at 1-800-365-2237. 


human milk, caution should be exercised when 
Persantine is administered to a nursing woman. 


Pediatric Use Safety and effectiveness in children 
below the age of 12 years has not been established. 


ADVERSE REACTIONS Adverse reactions at 
therapeutic doses are usualy minimal and transient. 
On long-term use of Persantine® (dipyridamole USP) 
initial side effects usually disappear. The following 
reactions were reported in two heart valve replace- 


ment trials comparing Persantine and warfarin therapy ‘ : ° 
to either warfarin alone or warfarin and placebo: ‘The technological advantage of the Midas 
pace ketal ina, Rex instrumentation provided the capability 
Warfarin Warfarin to safely perform a complex spinal osteo- 
: se ad I ia tomy in a simplistic, gentle manner with a 
bare 7 13.6% 8.2% tremendous saving of time. The ability to 
; P ‘ remove the entire fused spine in a safe and 
distress 6.1% 3.5% 3 k : x 
Headache 2.3% 0.0 efficient manner with the S-1 dissecting 
“is pal mon Ta tool and S footed attachment, would not 
Other reactions from uncontrolled studies include j j 
diarrhea, vomiting, flushing and pruritus. In addition, have been possible with other types of 
angina pectoris has been reported rarely. On those instrumentation.” — T. B., M.D. 


uncommon occasions when adverse reactions have 
been persistent or intolerable, they have ceased on 
withdrawal of the medication. 


When Persantine was administered concomitantly 
with warfarin, bleeding was no greater in frequency or 
severity than that observed when warfarin was admin- 
istered alone. 


HOW SUPPLIED Persantine® (dipyridamole USP) is 
available as round, orange, sugar-coated tablets of 25 
mg, 50 mg and 75 mg in the following package sizes: 


25 and 50 mg Tablets: Bottles of 100 and 1000, unit 
dose of 100. 


75 mg Tablets: Bottles of 100 and 500, unit dose of 
100. 


Consult package insert before prescribing. 


PE-4282 PE-BPI-6/88 


Midas Rex Pneumatic Tools, Inc. 
3001 Race Street © Fort Worth, Texas 76111 

® Boehringer Boehringer Ingelheim 800-433-7080 © (Texas) 817-831-4181 

Ingelheim ——Ridgeticid CT 08877 


478 





Letters to the Editor 


Letters to the editor should be submitted as an original and two duplicates. They should be 
typewritten double-spaced on plain bond paper; they will be subject to editing. If they are 
prepared on a word processor, do not justify the right margin. A copyright transmittal 
letter signed by all authors must accompany this (see “Instructions for Authors”). 


Agenesis of the Corpus Callosum in 
Apert Syndrome? 


To the Editor.—We wish to reply to 
the letter to the editor by Jeret et al! 
that appeared in the January issue of 
the ARCHIVES. 

It was clearly stated in our article’ 
that agenesis of the corpus callosum is 
not a consistent feature of Apert syn- 
drome, and that the callosal malfor- 
mation is obviously not required to 
define the disease. We suggested that 
limbic malformation, with or without 
agenesis of the corpus callosum, is 
“probably more common in Apert 
syndrome than previously thought.” 
The early development and the wide- 
spread nature of the basic pathologic 
process were also emphasized in our 
report. Therefore, it seems that the 
comments by Jeret et al are superflu- 
ous, and that the main purpose of 
their letter is simply to call attention 
to the future publication of their two 
articles on callosal agenesis. We look 


forward to reading them. 
GUILLERMO A. DE LEON, MD 
GUILLERMO DE LEON 
Department of Neurology 
WARREN D. GROVER, MD 
Department of Pediatrics 
NAYERE ZAERI, MD 
Department of Anatomic Pathology 
PHILIP D. ALBURGER, MD 
Department of Surgery 
Temple University School of Medicine 
Philadelphia, PA 19140 


1. Jeret JS, Serur D, Wisniewski K. Agenesis 
of the corpus callosum and limbic malformation 
in Apert’s syndrome. Arch Neurol. 1989;46:10. 

2. De Leon GA, de Leon G, Grover WD, Zaeri 
N, Alburger PD. Agenesis of the corpus callosum 
and limbic malformation in Apert syndrome 
(type I acrocephalosyndactyly). Arch Neurol. 
1987;44:979-982. 


Epidemiologic Aspects of Epilepsy 


To the Editor.—Epilepsy, one of the 
oldest identified neurologic diseases, 
is now recognized as a major public 
health problem all over the world.' No 
reliable investigative tool is available 
that can diagnose or exclude the pos- 
sibility of epilepsy. However, an elec- 
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troencephalogram has been frequent- 
ly used in conjunction with meticulous 
history in the diagnosis and differen- 
tial diagnosis, and sometimes in 
knowing the type of seizures. 

The study of epidemiology is beset 
with problems since epilepsy is often a 
hidden disease.’ This makes the sta- 
tistics concerning the prevalence and 
incidence of epilepsy difficult to inter- 
pret. In cooperation with the US 
National Institutes of Health, the 
World Health Organization developed 
a protocol to measure the prevalence 
of epilepsy.* Using this protocol, the 
investigations have been carried out 
in the United States and Nigeria, and 
smaller pilot studies have been con- 
ducted in the Peoples Republic of Chi- 
na, Chile, Colombia, Ecuador, India, 
Mexico, Venezuela, and Peru. Results 
of these studies have shown wide vari- 
ations in the incidence and prevalence 
of epilepsy throughout the world. The 
average annual incidence rates vary 
from 17.3 to 100 per 100000 popula- 
tion, and the prevalence rates range 
from 1.5 to 19.5 per 1000. The varia- 
tions are mainly due to the lack of 
uniform definition and classification 
of epilepsy, and inconsistency in 
methods of case ascertainment.’ 

The data published in the last 
decades suggest the high prevalence 
of epilepsy in developing countries. 
Although most of the information 
available on epilepsy in developing 
countries is hospital based, it suggests 
that the prevalence of epilepsy in 
developing countries in Africa, Asia, 
and Latin America is four to five 
times higher than in the industrial- 
ized countries. The prevalence of all 
forms of epilepsies in developing 
nations is six to eight per 1000 popula- 
tion. However, in some of the develop- 
ing countries, it varies from 13 to 
21.1,° whereas studies carried out in 
Australia and the United Kingdom 
show variations ranging from 1.77 to 
7.1 per 1000 population.’* The lowest 
prevalence rate was reported in Japan 
by Sato in 1964'° at 1.5 per 10000 
population. 


In Kashmir Valley (India), which is 
a developing state, epileptic patients 
constitute a sizeable proportion of 
patients attending medical and neuro- 
logical clinics of the Sher-I-Kashmir 
Institute of Medical Sciences, Srini- 
gar, Kashmir, India, which is the 
major catchment area for such 
patients in the valley. From a clinical 
study of 570 patients, who were regis- 
tered in epilepsy clinic from 1982 to 
1986, it was concluded that general- 
ized tonic-clonic epilepsy was the 
most common type (53.39%). Most of 
the patients had their first seizure in 
the 11- to 15-year age range (26.26%), 
and it was rare to have an onset of 
seizures after the age of 30 years 
(4.98%). Males outnumbered females 
in the ratio of 1.74:1, and a large 
number of patients had a positive 
family history of seizures (16.06%). 
The majority of the patients had a 
normal interictal electroencephalo- 
gram. More than half (54.98%) of 
patients achieved remission, and 
patients with onset of illness in 
the 6- to 10-year age group had the 
highest remission rate (66.66%). The 
seizure control was better in patients 
treated with a single drug compared 
with patients subjected to polythera- 


py. 

This type of study has provided a 
deeper insight into the seizure disor- 
der, and better understanding and 
management of this common neuro- 


logical disease. 
SHAFIQA A. TANKI, MD 
G. N. DHOBI, MD 
Clinical Pharmacology and Neurology 
Sher-I-Kashmir Institute 
of Medical Sciences 
PO Box 27 
Srinager 190-2011, 
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Prosody, Socioeconomic Level, and 
the Right Hemisphere 


To the Editor.—We were interested in 
the controversy between Ryalls' and 
Ross? regarding prosody and the right 
hemisphere, and their final coming to 
terms. It may be pertinent to report 
our experience in the matter. 

We recently replicated? the first 
three of four experiments employed 
by Weintraub et al* to show that 
damage to the right hemisphere 
affects prosody in a generalized man- 
ner. In a series of 21 patients with 
right hemisphere lesions and 16 con- 
trol subjects, we failed to obtain sta- 
tistically significant differences be- 
tween the two groups, although a ten- 
dency to worse performance on the 
part of the patients was noted in all 
three experiments. A remarkable dif- 
ference between Weintraub’s series 
and ours emerged, however, and may 
have to do with cultural factors. The 
mean performance of our control sub- 
jects was much worse than that of 
their control subjects. The achieve- 
ment of the control subjects used by 
Weintraub and coworkers was near 
perfect, whereas that of our control 
subjects resembled their patients 
with lesions, especially in experi- 
ments 1 and 3. In experiment 2, the 
gap between our patients and our 
control subjects was less than that in 
the report by Weintraub et al. 

It may be that these results amount 
to more than the differences to be ex- 
pected between one group of workers 
and another. Our patients and control 
subjects belonged to the lower socio- 
economic levels of our society, where- 
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as those of Weintraub and coworkers 
function in an advanced industrialized 
society. Socioeconomic factors can be 
expected to play a role in the neurop- 
sychological domain, and much more 
so where huge cultural differences are 
present, as is the case in underdevel- 
oped countries where sociocultural 
retardation is rife in the poorer sec- 
tions of the community. It remains to 
be seen whether our results point to 
no more than artifacts induced in 
subjects utterly unacquainted with 
the situation of testing, or whether 
the possibility of a different organiza- 
tion of the brain has to be 
addressed. 


GONZALO ALVAREZ, MD 

FERNANDO ARAYA, MD 

RENATO VERDUGO, MD 

OSCAR QUINTEROS 

Department of Neurological Sciences 
Facultad de Medicina, Division Oriente 
Universidad de Chile 
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Amyotrophic Lateral Sclerosis 


To the Editor.—The review on amyo- 
trophic lateral sclerosis published in 
the ARCHIVES! is very comprehensive 
and easy to read. It is, therefore, likely 
to be used by many persons as a 
current reference on the subject. For 
this reason, I believe it important to 
point out that in Table 1 on page 189 
the figures describing the sex ratio for 
the disease have been reversed. It 
should read M/F:1.6/1 not the reverse 
as is printed in the table. On page 193, 
in the section on the androgen recep- 
tor, the authors correctly state 
“... ALS occurs more frequently in 


men than women....” 
A. KEITH W. BROWNELL, MD, FRCPC 
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Opsoclonus Secondary to an 
Epstein-Barr Virus Infection 


To the Editor.—The term opsoclonus, 
coined by Orzechowski and Walichie- 


wicz' in 1913, denotes involuntary, 
irregular, chaotic, continual, and con- 
jugate saccades of the eyes. Although 
the locus of lesion and pathophysiolo- 
gy are unknown, opsoclonus remains a 
distinctive disorder of ocular motility 
that is associated with a variety of 
diseases. The most frequent associa- 
tions in adults are with postinfectious 
illness and paraneoplasia. 

We report a case of opsoclonus sec- 
ondary to an Epstein-Barr virus 
(EBV) infection. The arguments for a 
viral origin are the EBV viral titers 
and the evidence of antibodies in the 
cerebrospinal fluid (CSF). 


Report of a Case.—A 71-year-old woman 
was admitted for acute onset of tremulous- 
ness, unsteadiness, vertigo, and oscillopsia. 
Neurologic examination showed truncal 
ataxia, occasional myoclonic jerk, and 
involuntary eye movements. The eye move- 
ments were irregular, continual, chaotic, 
conjugate, and arrhythmic. They were 
increased with eye closure and persisted in 
sleep. They were predominantly horizontal 
but with vertical rotating jerks. The 
patient had no fever, and the results of her 
general examination were normal. Results 
of routine laboratory studies, electroen- 
cephalogram, and roentgenogram, includ- 
ing a computed tomographic scan of the 
head, were normal. The CSF studies (lum- 
bar puncture) showed the following results 
or values: protein, 0.53 g/L; glucose, 3.7 
mmol/L; leukocytes, 11 X 10°/L, with ten 
lymphocytes and one monocyte; oligoclonal 
bands on protein electrophoresis (not 
found in serum); IgG index, 4.06 (normal, 
<0.65); and IgG-to-albumin ratio, 1.08:1 
(normal, 0.14 + 0.6:1). Results of the anti- 
body tests in blood and CSF significant for 
EBV antigen are as follows: viral capsid 
antigen immunofluorescence (IF), 1/1024, 
and early antigen IF, 1/256 (both in blood); 
viral capsid antigen IF, 1/256, and EA IF, 
1/64 (both in CSF). Examination of periph- 
eral blood revealed no atypical lympho- 
cytes. The Paul-Bunnell differential test 
showed negative results. Over the ensuing 
eight weeks, the patient had a complete 
recovery without any treatment. 


Comment.—Opsoclonus in adults is 
reported most frequently as a sequela 
to a presumed viral infection. Among 
42 cases found in the literature,’ there 
were only eight observations in which 
an infection was documented. These 
included psittacosis (two cases), Sal- 
monella infection, St Louis encephali- 
tis (two cases), Rickettsia conorii 
infection, and coxsackieviruses B3 and 
B2. Nevertheless, none of these cases 
had a study of the antibody tests of 
CSF. Furthermore, the patients with 
R conorii had no lumbar puncture, 
and CSF was normal in the patient 
with Salmonella infection and in the 
patient with psittacosis. 

We report an observation of opso- 
clonus secondary to a central nervous 
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system infection with EBV. For the 
first time, (to our knowledge, the 
arguments for a viral origin are based 
on the results of CSF studies. Indeed, 
the presence of oligoclonal bands and 
the high IgG index provide evidence of 
antibodies in the CSF. In this case, the 
only significant results of the anti- 
body tests in blood and CSF were 
obtained against EBV antigen. This 
suggests an acute central nervous sys- 
tem infection with EBV. 

This case should bring to mind that 
a neurologic involvement can be the 
sole clinical manifestation of an EBV 
infection. The Paul-Bunnell test can 
show negative results, and only the 
results of the antibody tests for EBV 
antigen can provide a diagnosis 


beyond doubt.’ 
VINCENT DELREUX, MD 
Luc KEVERS, MD 
ANDRE CALLEWAERT, MD 
Department of Neurology 
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High-Resolution Magnetic 
Resonance Imaging Findings in 
Juvenile-Onset Myotonic Dystrophy 


To the Editor.—In a recent article, 
Glantz et al' reported frequent 
changes in the magnetic resonance 
imaging (MRI) findings for patients 
with myotonic dystrophy (MD). These 
MRI changes were ventriculomegaly 
and patchy areas of increased T, sig- 
nal in the white matter. These find- 
ings were only noted in patients with 
congenital or adult-onset MD. 

We describe a series of five patients 
from two unrelated families, all with 
juvenile-onset MD. Although the lit- 
erature is vague in delineating con- 
genital from juvenile and adult forms 
of MD, we define juvenile MD as 
having an onset in the first to second 
decade, and an absence of hypotonia, 
significant respiratory distress, facial 
diplegia with poor suck, or contrac- 
tures at birth.“ None of these 
patients show ventriculomegaly, and 
all have abnormal areas of increased 
T, signal consisting of thin periventri- 
cular rimming and multiple focal 
areas in the white matter deep to the 
gray-white junction. 
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Axial (left) and coronal (right) T.-weighted magnetic resonance images show scattered patches 
of increased signal in white matter. 


Report of a Case.—An 11-year-old boy 
was the product of a 37-week gestation 
complicated by maternal pyelonephritis in 
the first trimester. His mother’s lack of 
spontaneous contractions was treated with 
oxytocin throughout labor. The boy 
received phototherapy for jaundice, but 
otherwise did well. He walked at 13 months 
of age and spoke his first words at 18 
months of age. Recurrent episodes of otitis 
media were believed to be the cause of his 
language delay. The patient had three brief 
generalized seizures between the ages of 1 
and 3 years. These seizures were associated 
with febrile illnesses and were not treated 
with antiepileptic medications. Because of 
the patient’s persistent language difficul- 
ties, he was placed in a special education 
class where he was noted to be “stiff.” He 
is currently having some difficulties in a 
fourth-grade special education class. His 
mother and two siblings have also been 
diagnosed as having MD. 

On examination the boy was noted to 
have myotonic facies with frontal bald- 
ness, mild temporalis wasting, facial diple- 
gia, ptosis, and tenting of his upper lip. 
Results of funduscopic and cardiac exami- 
nations were unremarkable. Neurologic 
examination showed an alert child who 
was vocal in two languages, although his 
English vocabulary was simple for his age. 
The only weakness he demonstrated was a 
slight difficulty in maintaining head pos- 
ture. Action and percussion myotonia were 
marked. An electromyogram showed typi- 
cal myotonic discharges and slightly 
decreased motor unit potentials. His serum 
creatine kinase concentration was elevated 
at 244 U/L (normal, 34 to 232 U/L). An 
electrocardiogram showed an interven- 
tricular conduction delay. Slit-lamp exami- 
nation findings, brain-stem auditory 
evoked potential, electroencephalographic, 
and audiometric examination findings 


were all normal. Developmental and 
speech evaluations showed the boy to be a 
slow learner and one to two years behind 
for his age. Using a 1.5-tesla MR unit 
(General Electric Signa), spin-echo images 
with a repetition time of 2800 ms and an 
echo time of 40 to 80 ms were obtained of 
the brain in axial and coronal planes. 
These images showed abnormally in- 
creased T, signal intensity in a thin peri- 
ventricular pattern and scattered patchy 
areas in the adjacent white matter (Fig- 
ure). Ventricular size was normal. 

Comment.—All five of our patients 
have juvenile-onset MD with similar 
MRI findings. This is in contrast to 
the two cases of juvenile-onset MD 
included in the series by Glantz et al, 
whose two patients had ventriculome- 
galy and did not have abnormal T, 
signal intensities. 

Zimmerman et al’ found periven- 
tricular increased T, signal in a rim- 
ming and capping distribution in 
82.8% of controls under the age of 30 
years; however, Gerard and Weisberg‘ 
only found similar abnormalities in 
7.8% of control patients over the age 
of 50 years. The latter study used a 
0.35-tesla scanner compared with an 
0.50-tesla scanner in the former. Nei- 
ther of these studies address the inci- 
dence of discrete increased T, signal in 
the white matter. In the pediatric 
population up to 2 years of age, nor- 
mative data obtained with a 1.5-tesla 
scanner has been reported by Barko- 
vich et al.’ Increased T, signal can be 
seen in a triangular area posterior 
and superior to the trigones of the 
lateral ventricles. This normal finding 
can persist into the second decade of 
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life. The lesions found in our patients 
are discrete from the immediate 
periventricular region. Additionally, 
they are not restricted to the areas 
adjacent to the trigone. 

The MRIs used in our series were 
obtained with a higher field-strength 
scanner than that used by Glantz et 
al, and show a concomitant increase in 
sensitivity and resolution. For this 
reason, signal abnormalities may 
have been missed in some of the 
patients described by Glantz et al. If 
we combine the data from our 
patients and from the patients studied 
by Glantz et al, two things may be 
implied. First, ventriculomegaly is a 
less consistent finding than suggested 
by Glantz et al. Second, a significant 
number of patients with MD, includ- 
ing those with the juvenile-onset 
form, have abnormal T, signal inten- 
sity in a patchy subcortical distribu- 
tion. 
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Pathogenesis of Reflex Sympathetic 
Dystrophy 


To the Editor.—In the review of reflex 
sympathetic dystrophy (RSD) in the 
May 1987 issue of the ARCHIVES,! 
Schwartzman and McLellan state “no 
single hypothesis proposed to date 
explains all of the features of RSD.” 
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In response, the following hypothesis, 
based on a peripheral neuronal vicious 
circle, is submitted. 

Reflex sympathetic dystrophy is a 
prolonged regional chemical inflam- 
matory state that affects all tissues 
from skin to bone.'? It is usually pre- 
cipitated by a minor trauma. It often 
occurs in a setting of great anxiety (in 
which blood levels of norepinephrine 
are elevated), immobilization, and/or 
arterial spasm.’ Chemical inflamma- 
tion is produced by release of proin- 
flammatory mediators, eg, substance 
P from nociceptive neurons‘ and pros- 
taglandins from postganglionic sym- 
pathetic fibers.’ This results in is- 
chemic/inflammatory damage to 
membranes of terminal nociceptive 
neurons. I speculate that during 
repair, they develop (normally transi- 
tory) adrenoceptors and (in the pres- 
ence of norepinephrine) ectopic neural 
impulses. Thus, a local peripheral 
vicious circle develops: sympathetic 
discharge of norepinephrine and pros- 
taglandins; stimulation of nociceptive 
afferent neurons; more release of sub- 
stance P; more pain, stress, and 
inflammation; and more sympathetic 
outflow. 

Prolonged local inflammation’ ac- 
counts for: (1) immediate or delayed 
onset; (2) progression in intensity 
and/or in extent; (3) spontaneous 
burning pain; (4) pain on light strok- 
ing, exposure to cold, or active use; (5) 
hyperalgesia; (6) edema; and (7) 
increased blood flow to bone, muscle, 
subcutaneous tissue, and, usually, 
skin. 

The abnormal adrenoceptors of 
perivascular nociceptive afferent neu- 
rons respond to normal or increased 
norepinephrine released by perivascu- 
lar postganglionic sympathetic neu- 
rons. The results consist of (1) 
increase of pain on being startled or in 
anxiety and/or stress’; (2) cutaneous 
vasomotor dysregulation; (3) in- 
creased sensitivity to cold or warmth; 
(4) delay in healing of neuronal mem- 
branes marked by persistence of adre- 
noceptors, hence, chronicity of the 
clinical condition; (5) natural recovery 
after many months, in most cases; and 
(6) therapeutic response to (a) region- 
al sympathetic blocks; (b) local or 
regional cortisone; (c) a supportive 
therapist; and (d) active use of the 
affected limb despite temporary 
increase of pain.’ All four of these 
therapeutic measures are sympatho- 
lytic and permit continuation of nor- 
mal repair with loss of adrenocep- 
tors. 

In addition to the essentials of 
pathogenesis given above, there is 


often sympathetic denervation hyper- 
sensitivity of sweat glands and blood 
vessels. Except for anxiety, the cen- 
tral nervous system plays a secondary 
role, namely, modulating the percep- 
tion of pain and development of bilat- 
eral signs. The present hypothesis 
suggests that RSD is a vicious circle of 
peripheral neuronal activity. 

ARTHUR ECKER, MD, PHD 


407 University Ave 
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Medial Thalamus and Memory 


To the Editor.—We read with great 
interest the article by Kritchevsky et 
al' describing two patients who did 
not develop any memory defect after 
infarction in the dorsomedial (DM) 
nucleus of the thalamus. To localize 
the lesion, and to estimate the volume 
of the nucleus involved, they used 
magnetic resonance imaging (MRI) 
with a stereotaxic method, a modifica- 
tion of that described by Archer et al? 
and Graff-Radford et al.’ One patient 
had a right-sided lesion involving 
about 15% of the DM nucleus, and the 
other had bilateral lesions that af- 
fected about 15% of the left side of the 
DM nucleus and less than 5% of the 
right side of the DM nucleus. 

In the stereotaxic method they 
used, errors on the order of millime- 
ters can inevitably arise. First, 
although they used the center of the 
lesion as a reference point, it is diffi- 
cult to determine the center of a 
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three-dimensional irregular-shaped 
lesion. Moreover, the center as deter- 
mined in the sagittal plane (point 0 in 
their figure 2) may not always be the 
same as the center chosen in the coro- 
nal plane or that in the horizontal 
plane. Therefore, half of the antero- 
posterior and superoinferior dimen- 
sions measured in the horizontal and 
coronal planes do not accurately rep- 
resent the distances between the line 
passing through point 0 perpendicular 
to the sagittal plane and anterior, 
posterior, superior, and inferior mar- 
gins of the lesion. These aberrations 
might result in mislocalizing the 
lesion. Second, the thickness of MRI 
cuts was ignored. In their figure 2, the 
lines H and C should be drawn as 
rectangles with a 5-mm width (actual 
size). Since the rectangles may be 
shifted anteroposteriorly and supe- 
roinferiorly, the location of the lesion 
can slide on the atlas plates within 
5-mm (actual size) limits anteropos- 
teriorly and superoinferiorly. The 
width of the rectangles might influ- 
ence the estimation of the area 
involved. When these points are con- 
sidered, the actual lesion size seems 
larger than their estimation. Third, 
they used sagittal plates that corre- 
sponded “as nearly as possible” (not 
tangent) to the medial and lateral 
aspect of the lesion. This might result 
in missing the lateral part of the 
lesion, as reported Graff-Radford et 
al? 

When discussing the nucleus in- 
volved and its volume, aberrations due 
to the abovementioned causes cannot 
be disregarded. Recently, we reported 
a more reliable stereotaxic lesion 
localization method using thin-slice 
computed tomography, which is appli- 
cable to MRI.’ 

These errors in lesion localization 
notwithstanding, the two patients the 


authors described seem to have dam- . 


age to the thalamus predominantly 
involving a part of the DM nucleus, 
and sparing other structures. These 
findings are important for under- 
standing the relationship between the 
thalamus and memory. It is also 
intriguing to us that their patients did 
not show language disturbance or uni- 
lateral spatial neglect. 

Damage to the DM nucleus has been 
traditionally implicated in amnesia, 
based on studies of bilateral massive 
ischemic damage to the thalamus, 
Wernicke-Korsakow’s syndrome, and 
experimental destruction of the DM 
nucleus in animals. However, discrete 
thalamic infarctions sparing the DM 
nucleus associated with amnesia,*5 as 
well as those affecting mainly the DM 
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nucleus not associated with amnesia,’ 
have been recently reported. There- 
fore, reappraisal of the role of the DM 
nucleus in memory function is now 


‘requisite. Even in the historic case 


cited by Squire and Moore,® which 
favored the link between the DM 
nucleus and amnesia, a recent study 
using MRI revealed that the lesion in 
their patient involved left diencephal- 
ic structures, including the DM nuele- 
us, ventral anterior, ventrolateral, 
and midline nuclei, and the mammil- 
lothalamic tract, as well as bilateral 
mammillary nuclei and the right 
anterior temporal lobe.’ The interpre- 
tation of Kritchevsky et al, that 
lesions of the DM nucleus probably 
cause amnesia when they damage a 
second structure such as the mammil- 
lothalamic tract or anterior nucleus, 
or when they involve a critical amount 
of the DM nucleus, is unfair. There 
has not yet been any documentation in 
humans that a lesion involving only a 
substantial amount of the DM nucleus 
caused amnesia. In addition, the fact 
cannot be disregarded that a thalamic 
lesion sparing the DM nucleus can 
cause amnesia. Rather, other dience- 
phalic structures, such as the ventro- 


. lateral nucleus,*** centromedian-pa- 


rafascicular nuclei complex,’ anterior 
nucleus, internal medullary lamina,*° 
and mammillothalamic tract, should 
be considered as feasible “critical” 
sites. Therefore, the authors should 
have considered the third possibility 
that damage to the DM nucleus does 
not cause amnesia, even when the 
amount of damage is large. 

Although it is indispensable to per- 
form a work-up on patients with 
symptoms (positive case) as well as on 
patients without symptoms (negative 


_case), such as theirs, one should divest ` 


oneself of preconceived notions, espe- 
cially when interpreting the negative 


cases. 
EtsuRo Mori, MD 
ATSUSHI YAMADORI, MD 
Neurology Service 
Hyogo Brain and Heart Center 

at Himeji 

520 Saisho-ko 
Himeji 670, Japan 
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In Reply.—We thank Drs Mori and 
Yamadori for their comments. 

With our method and the method of 
Archer et al,' one localizes the center 
of the 5-mm slice showing the lesion. 
We agree that the center of the slice 
may be a small fraction away from 


the center of the lesion. However, we 


now’ have added to the method by 
taking advantage of the fact that the 
midsagittal slice has common grid 
markings with the axial and coronal 
slices. In this way the anteroposterior 
limits of the lesion measured on the 
axial slice, and the superoinferior lim- 
its measured on the coronal slice, can 
be transferred to the superior and 
posterior grids on the midsagittal 
slice, respectively. This addition pro- 
vides a check of the location of the 
superoinferior and anteroposterior 
outer limits of the lesion in relation to 
the anteroposterior line, and can be 
carried out at several distances from 
the midline, ie, in several sagittal 
planes. We should also point out that, 
despite the limitations of the original 
method, we have shown, in a postmor- 
tem study, that the method was accu- 
rate in localizing thalamic lesions in 
spite of the variability of size and 
location of thalamic structures 
present among different individuals.‘ 

We believe that the method re- 
ported by Mori et al’ is less accurate 
than ours. Their method depends on 
aligning the horizontal reference 
plane of computed tomographic (or 
magnetic resonance imaging) cuts so 
that the plane extends through the 
foramina of Monro and the posterior 
commissure. We find this method to 
be inaccurate because of the uncer- 
tainty that the computed tomographic 
slice actually does line up with the 
foramen of Monro/anteroposterior 
line, and the difficulty in identifying 
the posterior commissure on a hori- 
zontal slice to check if this is the case. 
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There has been no pathologic verifica- 
tion of their method. 

Finally, Mori and Yamadori suggest 
that one should divest oneself of pre- 
conceived notions about certain struc- 
tures, such as the dorsomedial nucleus 
playing a role in amnesia. We agree 
that whether damage to the dorsome- 
dial nucleus alone causes amnesia is 
an empiric question. Nonetheless, the 
powerful projections of the amygdala 
to the dorsomedial nucleus, and the 
role the amygdala probably plays in 
‘memory make this an important theo- 
retical issue, not a preconceived 
notion. 

NEILL GRAFF-RaADFORD, MB, BCH MRCP 
MARK KRITCHEVSKY, MD 
Department of Neurology 


University of Iowa Hospitals 
Iowa City, IA 52242 
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Muscular Dystrophy in the Chicken 


To the Editor.—In a recent article! 
concerning the benefit of prednisone 
therapy on the course of Duchenne 
muscular dystrophy, the authors indi- 
cate that glucocorticoids have also 
been shown to result in “a significant 
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slowing or arrest in the progression of 
muscle weakness” in “autosomal 
recessive’ muscular dystrophy in the 
chicken, While it is indeed remarkable 
that glucocorticoids are beneficial in 


‘both forms of muscular dystrophy, 


there are several important miscon- 
ceptions about dystrophy in the chick- 
en that should be corrected. 

First, muscular dystrophy in the 
chicken does not result in progressive 
muscular weakness. Biomechanical 
studies of chemically skinned avian 
dystrophic muscle fiber bundles have 
shown that increased resting stiffness 
rather than an impairment of active 
contraction is the fundamental biome- 
chanical abnormality in this animal 
form of muscular dystrophy.? There 
was no difference in the calcium-acti- 
vated isometric tension in normal vs 
dystrophic avian pectoral muscle fiber 
bundles. Thus, there is no weakness. 
Rather, there was a large increase in 
the resting stiffness of the dystrophic 
myofibers in the chicken,? which 
results from the presence of an abnor- 
mal endomysial collagen that is resis- 
tant to the action of bacterial collage- 
nase, presumably because of an 
increased content of cross-linkages.** 
In the advanced stages of Duchenne 
muscular dystrophy, studies of chemi- 
cally skinned muscle fibers demon- 
strated impaired calcium-activated 
isometric tension without a change in 
the way this tension varied with aden- 
osine triphosphate or calcium concen- 
tration. The decreased tension was 
attributed to myofiber disarray and 
sarcomere length disorder. Unfortu- 
nately, there is no information avail- 
able on the resting stiffness of 
Duchenne muscle fibers or on the 
isometric tension in the preclinical 
stages of the disease. We suspect that 
early in the course of Duchenne mus- 
cular dystrophy, biomechanical 
studies of chemically skinned myofi- 


bers would show increased resting 
stiffness without impairment of 
active tension. We would be happy to 
receive chemically skinned biopsy 
specimens from preclinical patients. 
Second, muscular dystrophy in the 
chicken is not inherited as an autoso- 
mal recessive trait.’ Heterozygous 
animals have shown an intermediate 
expression of the disease, including an 
increase in the resting. stiffness of 
chemically skinned myofiber bundles.’ 
The preferred genetic term for this 
type of inheritance is a semidominant 
trait to indicate that heterozygotes 
show partial phenotypic expression. 
The heterozygous animal is particu- 
larly valuable for studying the molec- 


ular mechanisms of this disorder. 
Howarp Ferr, MD, PuD 
Department of Neurology 
Henry Ford Hospital 
2799 W Grand Blvd 
Detroit, MI 48202 
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Adrenal Medullary Transplantation to the 


Caudate Nucleus in Parkinson’s Disease 


Initial Clinical Results in 18 Patients 


George S. Allen, MD, PhD; R. Stanley Burns, MD; Noel B. Tulipan, MD; Robert A. Parker, DSc 


è Results from a pilot study of adrenal 
medullary autotransplantation for Parkin- 


son's disease are presented. Eighteen pa- 


tients were studied; 12 were followed up 
for 1 year, and 6 were followed up for 6 


months. Four of 12 patients showed dis-° 


tinct improvement in the signs and symp- 
toms of their disease, as assessed using 
the Columbia Rating Scale, at 1 year; none 
showed distinct deterioration. The 6 pa- 
tients who were followed up for only 6 
months were an average of 20 years older 
and generally more severely affected. 
None distinctly improved. Morbidity was 
considered to be minor and transient 
among the first 12 patients, while 4 of the 
last 6 patients experienced alteration in 
mental status lasting as long as several 
months. This problem has led us to con- 
clude that oider patients with preexisting 
cognitive impairment should not be in- 
cluded in future studies until the benefits 
are more clearly established. However, we 
believe that the distinct and persistent im- 
provement seen in some of the younger 
patients warrants the initiation of a well- 
designed, randomized, and controlled trial 
of adrenal medullary autotransplantation 
for the purpose of confirming these results 
and assessing the effect of the procedure 
on the natural progression of Parkinson’s 
disease. 
{Arch Neurol. 1989;46:487-491) 
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The motor symptoms of Parkinson’s 


disease are attributable to a defi- | 


clency of dopamine in the striatum 
(caudate nucleus and putamen).'” This 
fact led researchers to hypothesize 
that transplantation to the striatum of 
tissue capable of synthesizing and re- 
leasing dopamine might reverse these 
symptoms. Animal studies using adre- 
nal medullary transplants to the stri- 
atum have been performed based on 
this hypothesis.** These studies have 
shown that the behavioral abnormali- 
ties in animal models of parkinsonism 
could be reversed by adrenal medul- 
lary transplantation to the striatum or 
ventricle. In 1985, Swedish researchers 


reported the first transplantation of 


adrenal medullary tissue to the cau- 
date nucleus in two patients with Par- 
kinson’s disease using a closed stereo- 
tactic technique.’ One year later, two 
additional patients received adrenal 
autotransplants to the putamen using 
a similar surgical technique.® All four 
patients exhibited only minor and 
temporary changes. In 1987, Madrazo 
et al’ reported marked and persistent 


improvement in two patients with - 


Parkinson’s disease. Madrazo and co- 
workers’ technique involved the place- 
ment of adrenal medullary tissue into 
a cavity on the surface of the caudate 
nucleus in contact with the ventricular 
cerebrospinal fluid (CSF), and thus 
differed from the technique of the 
Swedish investigators. 

We present the clinical results in 18 
patients with Parkinson’s disease en- 
rolled in a pilot study of adrenal med- 
ullary autotransplantation. Twelve 
patients younger than 50 years of age 


have been followed up for 1 year, while 
6 patients older than 60 years of age 
have been followed up for 6 months. 
When compared with their preopera- 
tive baseline, 1 year after surgery, 4 of 
the 12 younger patients showed a dis- 
tinct improvement in the signs of their 
disease as assessed by the Columbia 
Rating Scale (CRS); none of the older 
patients showed a distinct change at 6 
months. In no patient was there any 
indication that the transplant caused a 
distinct deterioration of their disease. 
No permanent surgical, morbidity or 


mortality was encountered. 


PATIENTS AND METHODS 
Patients l 


The proposed protocol was approved by ` 
the committee for the Protection of Human 
Subjects at Vanderbilt, Tenn, and informed 
consent was obtained from each of the 18 
patients with Parkinson’s disease. Patient 
characteristics are given in Table 1. In all 
patients, the history and neurologic exam- 
inations were consistent with Parkinson’s 
disease. All of the. patients exhibited 


. bradykinesia, rigidity, and resting tremor, 


and improved with levodopa therapy by 
history. Two patients (cases 7 and 8) had 
on-off reactions. One patient (case 4) had 
undergone thalamotomy 10 years prior to 
entering the study. None of the patients ex- 
hibited ataxia, intention tremor, pyramidal 
tract signs, or defects in downward gaze. 
None of the patients had a history of 


“encephalitis, head trauma, drug or toxic 


exposure, or a family history of parkinson- 
ism or other extrapyramidal disorders. 
Blood levels of copper, ceruloplasmin, man- 
ganese, thyroxine, triiodothyronine, thyro-. 
tropin, calcium phosphate, and vitamin B,, 
were normal in all patients, as were the 24- 
hour excretion rates of lead and mercury.’ 
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Screening tests for syphilis (RPR) were 
negative. Computed tomographic (CT) 
scans of the brain and adrenal glands, and 
nuclear magnetic resonance scans of the 
brain were normal in all patients except 
patient 4 who showed changes from the 
previous thalamotomy. 


Surgery 


Under general anesthesia the patient was 
placed in the left lateral decubitus position 
with the head rotated as far as possible to- 
ward the brow-up position. A right adrena- 
lectomy through a 12th-rib flank approach 
was begun simultaneously with the neuro- 
surgical procedure. Prior to transplanta- 
tion, a ventricular catheter and Ommaya 
reservoir were stereotactically placed in the 
left frontal horn through a burr hole. A 
right-sided 5-cm craniotomy was then per- 
formed anterior to the coronal suture. Us- 
ing microsurgical techniques, a 20-mm cor- 
tical incision was made and extended into 
the right frontal horn using a stereotacti- 
cally placed ventricular catheter as a guide. 
A 5-mm cube of caudate tissue was removed 
from the head of the right caudate nucleus. 
The blood supply to the right adrenal gland 
was then interrupted and the gland re- 
moved. Using a second microscope, the 
medullary tissue was removed from the 
cortex and cut into 1- to 2-mm? fragments 
in a Petri dish containing normal saline at 
room temperature. Several fragments, 7 to 
15, of medullary tissue were placed into the 
cavity in the caudate. A total of 15 to 20 
minutes elapsed between removal of the 
adrenal gland and implantation of the final 
adrenal medullary fragment. Frozen sec- 
tions were routinely taken to confirm that 
the fragments primarily contained medul- 
lary tissue; small islands of adrenal cortical 
tissue remained adherent to the medullary 
fragments. In the first three patients, a 12- 
mm-square piece of gelatin sponge (Gel- 
foam) was placed over the transplant and 
made adherent either with autologous 
blood or with a cryoprecipitate and throm- 
bin mixture. The remaining 15 patients had 
a 7-mm-square hole cut out of the gelatin 
sponge and replaced with a net woven of T- 
0 absorbable suture (Dexon) so that there 
was no gelatin sponge between the trans- 
plant and the ventricular CSF. The gelatin 
sponge frame was soaked in cryoprecipitate 
and then thrombin was applied after the 
gelatin net was placed over the transplant. 
All patients had an uncontrasted CT of the 
head within 24 hours after surgery. 


Evaluation 


The clinical signs of parkinsonism were 
‘assessed using a modified CRS! The 
Schwab and England’s Activities of Daily 
Living Seale? was used to assess the pa- 
tient’s overall functional state at baseline 
and at 1 year. Patients were examined pre- 
operatively and at 8-month intervals post- 
operatively. In general, there were three 
examinations for each patient at each time 
interval, although in some instances these 
visits were spaced over a 2-month period, 
and in other instances only one or two 
assessments were available for baseline or 
follow-up. By design, patients’ medications 
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were not to be changed during the first year 
following the transplant, although patients 
2, 3, 5, 9, 10, and 12 were taken off levodopa 
perioperatively for 7 to 26 days to allow 
biochemical studies of their CSF to be done. 
The 12 younger patients have now been 
evaluated for 1 year following transplanta- 
tion. Patients 2 to 6 were examined 1 to 4 
hours after a dose of levodopa. Patients 
were examined at approximately the same 
time relative to their last dose of levcdopa 
throughout the study. The remaining seven 
patients were examined in the morning be- 
fore their first dose of levodopa for that day. 
Thus, the two.patients with on-off reactions 
were consistently assessed in the off-state. 
Six older patients (cases 13 through 18) 
have now been followed up for 6 months. 
These six patients were examined before 
their first dose of levodopa for the day. 
The CRS consists of 25 items, each rated 
on a scale of 0 (absent) to 4 (severe); the 
specific meaning of severe is defined in op- 
erational terms for each of the items being 
rated. The scale consists of five ratings each 
of rigidity and tremor in different locations, 
two ratings of finger dexterity, hand grip 
and foot tapping, and nine individual items. 
A change of 1 full point in a specifie item 
implies a qualitative change in the patient 
status on that item. We considered an indi- 
vidual item to change only if the score 
changed by at least 1 full point. An overall 
score is obtained by adding together the re- 
sults for each of the 25 individual items. 
Since this is a pilot study, we do not have a 
control group. As such, we feel it is inap- 
propriate to make any claims of statistical 


significance for the findings in this study; 


thus, we solely attempt to describe the 
changes that occurred. 

Because the data are clearly not normally 
distributed, we used nonparametric meth- 
ods to summarize changes within patients. 
The median score for each item of the CRS 
and the median total rating scale score ata 
given time point are presented. For most 
patients at each 3-month interval we had 
three visits, sometimes spread over a 2- 
month period. As such, it was possible to 
estimate the intraperson variability on the 
total CRS for each patient on each specific 
visit. This estimate assumes that there are 
no temporal changes between the visits (ie, 
that the second-, third-, and fourth-month 
visits all represented the same “3-month” 
result) and that there is no interrater vari- 
ability. Both these problems would tend to 
inflate our estimate of intraperson variabil- 
ity. We then combined these estimates of 
overall follow-up visits for a single patient 
to obtain a weighted average to use as the 
estimate of intraperson variability for the 
individual. We then took the overall aver- 
age of individuals as a measure of intra-in- 
dividual variability between one visit and 
another. This indicated that the day-to-day 
variability within an individual was 4.28 
points. This means we would expect an in- 
dividual with a true CRS of 30 to be ob- 
served to have a rating of between 25.77 and 
34.23 points approximately 68% of the time. 
Based on this calculation, we would expect 
to find a difference of 11.74 points or more 
between two visits only about 5% of the 
time if there was no actual difference in the 


underlying CRS between these visits. These 
calculations are based on the comparison of 
a single observation at both visits. When 
there are multiple visits, the difference be- 
tween the mean scores would not need to be 
as large to indicate that the change between 
visits was unlikely to be a chance effect; a 
difference as small as 8.30 points could in- 
dicate a real change if there were three ob- 
servations at each of the visits being com- 
pared. Overall, for our 12 younger patients, 
the average value of the criterion was 9.57, 
so that we loosely speak of a 10-point 
difference as indicating a distinct change in 
performance status. However, when actual 
results are presented the precise cutoff 
value for each patient is used. 


RESULTS 


Differences between the preopera- 
tive and 1 year total CRS scores for the 
first 12 patients are demonstrated in 
the Figure. A reduction in total score 
represents improvement and an in- 
crease represents deterioration. 
Changes in the dose of levodopa at 1 
year are shown in Table 1. Nine of 12 
patients’ scores were less at 1 year and 
3 patients’ scores were greater at 1 
year. Using the criterion for distinct 
change described above, 4 of the 12 pa- 
tients had distinctly improved at 1 
year, all improving by more than the 
maximum criterion for a significant 
change, 11.74 points. Patient 6, with 
two visits at baseline and one visit at 
12 months, was considered unchanged 
since the observed improvement (10 
points) was less than the exact crite- 
rion of 10.17 points. Patient 3 had only 
a single visit at both baseline and 12 
months, so that the deterioration in 
this patient (9 points) was less than 
the 11.74 point difference needed for a 
distinct change. In general, patients 
with a higher baseline score showed a 
larger change in their scores. 

Table 2 displays the changes in eight 
individual items representing major 
signs of Parkinson’s disease at 1 year 
in the 12 younger patients. Of the 96 
signs (8 signs for 12 patients) that were 
evaluated, 62 were unchanged. This 
included 20 signs that could not im- 
prove (because the baseline score was 
less than 1) and 3 signs (dexterity in 2 
patients, bradykinesia in 1 patient) 
that could not deteriorate (because the 
baseline score was over 3). Twenty- 
seven of the 34 signs that did change at 
1 year improved, while only 7 deterio- 
rated. If one were to assume that the 
response of each individual sign was 
independent from the. response for 
other signs in the same patient, this 
finding would be statistically signifi- 
cant (P < .001, sign test, two sided). 
Stability improved the most, with im- 
provement in 6 (86% ) of 7 patients who 
could have improved. Dexterity, gait, 


Parkinson's Disease——Allen et al 


and speech also improved by 50%, 100 
40%, and 40%, respectively (of those 
who could have improved). No patient 
deteriorated with respect to stability 
or gait. Of the 8 signs evaluated, only . 
rigidity showed no improvement in = 80 
any patient. 

Clinically, the most striking feature 
of the improvement seen after trans- 
plantation was its time course. Unlike 
drug treatment, the changes after 
transplantation occurred so slowly 
that the effects of the transplant were 
not apparent for several weeks to 
months. Therefore, the time of onset of 
the improvement could not be deter- 
mined precisely. Table 3 shows the 
change from baseline of the total CRS : | f 
score observed at the 3-, 6-, 9-, and 12- i 
month evaluations. Using our criterion 30 (9) (2) 
for improvement of a change of 10 E 
points or more, there were 4, 6, 6, and aa 
4 patients who showed distinct im- 
provement at 3, 6, 9, and 12 months, 
respectively. In these 12 patients if 10 
distinct improvement occurred, it was 
apparent by 6 months. . 

The greatest change in the Schwab 0 
and England’s’ scores occurred in the 
‘off? phase scores of the two patients 
with on-off reactions. The ‘off’ phase Change From Baseline at 12 mo 
scores of patients 7 and 8 increased 
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90 
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from baseline values of 40% and 10% Baseline Columbia Rating Scale score VS the change from baseline at 12 months. A difference of 
t esat ivearol GOT d 60%. re- approximately 10 full points represents a distinct change that is unlikely to be explained by day- 
OVA UES Abus year o Ai 3y to-day variability. Using the exact criterion, four of 12 patients (patients 2, 4, 5, and 11) distinctly 


spectively. . improved. Numbers correspond to identification numbers in Tables 1 and 3. 
The last six patients were all over 


the age of 60 years. Five have been. 
evaluated for 6 months. One patient 
(case 13) died of a myocardial infarc- 
tion while in Nashville, Tenn, for his 
3-month evaluation. For this reason 
only one examination was obtained at 
8 months. Based on this single exami- 
nation, this patient had distinctly de- Drug Therapy, mg/d 
teriorated from baseline. However, he 
exhibited the most day-to-day vari- Patient/ Duration, - 1 Eo 3 

abilit y of any pati ent in his baseline Age, y/Sex y Stage. Levodopa Trihexyphenydil Amantadine Bromocriptine 
examination (CRS) scores ranging eee ea) 
from 88 to 61), and we do not believe PERM eee 
that definite conclusions can be drawn Sear ERAEN 
regarding the response of this patient LAM TLAS 
to surgery. Another patient (case 18) 
could not be completely evaluated be- 
cause of preexisting cognitive impair- 
ment and postoperative medical prob- 
lems (see below), but those signs that 
were evaluated are included in the 
analysis below. The remaining four 
patients have neither improved nor 
deteriorated as defined by a change of 
10 points or greater on their CRS score 
(Table 3). The total scores of two pa- 
tients have improved slightly while 
those of the other two patients have 


declined slightly. Of the 40 major signs SPT RR Sg OT Sea Rey _ TEE 

. : e daily dose of levodopa at the time of the 12-month examination is given in parentheses. Patients 
evaluated (8 SIEN 3 per patient for five -through 18 have been followed up for only 6 months, therefore 12-month levodopa data are not shown. 
patients), 3 were improved by 1 point +The Hoehn and Yahr stage" in the off state is given in parentheses for the two patients who had on-off re- 
or more, and none had deteriorated by actions. 
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Table 2.—Change in individual tems 
12 Months After Surgery“ 


Signs Better Same Worse 
Tremor 2 9 (5,0) 






















Rigidity O 10 (0,0) 2 
Posture 2 9 (5,0) 1 
Bradykinesia 3 8 (1,1) 1 
Dexterity 6 § (0,2) 1 
Speech 4 7 (2,0) 1 
Stability 6 6 (5,0) 0 
Gait 4 8 (2,0) 8) 





Total 27 62 (20,3) 


* Changes at 1 year in eight individual items repre- 
senting major signs of Parkinson's disease in 12 pa- 
tients. Better and wcrse are defined as a change of 
at least 1 full point fer any given item at 1 year when 
compared with the baseline examination (see “Pa- 
tients and Methods” section). Numbers in parenthe- 
ses are the number of patients with unchanged sign 
for whom the sign could not improve (because the 
baseline was less than one) and in whom the sign 
could not deteriorate (because the baseline was 
greater than three); these patients are also included 
in the ‘Same’ category. 


1 point or more. There were 5 signs 
that could not improve and six signs 
that could not deteriorate. 


Morbidity and Mortality 


There were no deaths attributable to 
the surgical procedure. The CT scans of 
the brain taken within hours of sur- 
gery in all patients did not disclose any 
complications from the surgery. The 
area of transplantation could be seen 
in the uncontrasted CT scans as a hy- 
podense area in the ventricular surface 
of the caudate nucleus. One patient 
(case 6) bled from an intercostal artery 
and the adrenalectomy site was reex- 
plored on the night of surgery. One 
patient (case 11) developed an asymp- 
tomatic 2-cm abscess within the corti- 
cal incision that was an incidental 
finding on a routine postoperative CT 
scan at 3 months. This was surgically 
removed. Culture of the abscess and 
CSF were sterile. The Ommaya reser- 
voirs of patients 2 and 3 became in- 
fected at 9 and 12 months, respectively, 
after surgery. These infections proba- 
bly resulted from contamination dur- 
ing aspiration of ventricular CSF. 
Hach of these three infectious compli- 
cations required hospitalization for a 
2-week course of intravenous adminis- 
tration of antibiotics. There was no 
permanent morbidity resulting from 
these surgical complications. The most 
severely affected of the older patients 
(case 18) had preexisting swallowing 
difficulties and dementia. He required 
a tracheostomy postoperatively and 
eventually a gastrostomy. 

Four of the six older patients (cases 
14 through 17) became confused in the 
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Table 3.—Baseline Columbia Rating 
Scale Score or Change at Follow-up 
Visit * 


Months 
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*NE indicates not examined; ID, identification 
number. Baseline Columbia Rating Scale scores fol- 
lowed by the change from baseline at 3, 6, 9, and 12 
months. Patients 13 through 18 have been followed 
up for only 6 months. Patient 18 died 3 months post- 
operatively. 


immediate postoperative period. Their 
confusion persisted from several 
weeks to months. Their mental state 
was characterized by disorientation, 
delusions, and paranoia. The confusion 


fluctuated from day-to-day and was 


associated with a disturbed sleep pat- 
tern. Electroencephalograms showed 
generalized slowing in the theta range. 
Postoperative CT scans did not dis- 
close a cause for these problems. These 
abnormalities gradually cleared in all 
cases and had completely resolved by 6 
months. We did not see a similar con- 
fusional state in the 12 younger pa- 
tients. 

One patient (case 13) died 3 months 
postoperatively from a myocardial in- 
farction verified at autopsy. Examina- 
tion of the brain revealed placement of 
the transplant in the head of the cau- 
date nucleus in contact with the ven- 
tricle as planned. No damage other 
than that produced by the cortical in- 
cision and resection of caudate tissue 
at the transplant site was found. 


COMMENT 


We conclude that adrenal medullary 
autotransplantation to the caudate 
nucleus can produce distinct improve- 
ment that lasts at least 1 year in some 
patients with Parkinson’s disease. The 
improvement occurred in the presence 
of potent drug therapy that was not 


substantially altered between baseline 
and 1-year follow-up. The improve- 
ment occurred in some patients with 
mild (stage IT) as well as severe (stage 
IV) Parkinson’s disease. It is unclear 
why some patients improved and oth- 
ers did not. l 

The reasons for the improvement 
following the transplant are unknown. 
The original hypothesis for trans- 
planting adrenal medullary tissue was 
based on the transplant-producing 
dopamine at the transplant site. Pre- 
liminary analysis of ventricular CSF 
dopamine levels after the transplan- 
tation (Denis E. Schmidt, PhD, R.S.B., 
N.B.T., G.S.H., personal observation, 
1987) do not support this hypothesis. 
We believe that continued study of the 
ventricular CSF after transplantation 
will be important in elucidating the 
mechanism of action of the transplant 
procedure. The question arises whe- 
ther the improvement following the 
transplantation is simply due to the 
destructive lesion produced. Meyers," 
as early as 1940, reported removal of a 
considerable portion of the head of the 
caudate nucleus (and sectioning of the 
fibers of the anterior limb of the inter- 
nal capsule) through a ventricular ap- 
proach similar to-that used for the 
transplant procedure. This unilateral 
destructive lesion produced immediate 
reduction in tremor and rigidity of the 
contralateral limbs in some patients. 
These findings are similar to what oc- 
curs after unilateral thalamotomy. In 
contrast, a unilateral transplant pro- 
duces bilateral improvement, includ- 
ing changes in gait, stability, and pos- 
ture. The time course of the improve- 
ment after transplantation was also 
different from the immediate improve- 
ment following these destructive pro- 
cedures. These differences make it 
unlikely that the improvement in 
our patients was simply due to the de- 
structive lesions produced in the right 


‘caudate nucleus. Although it is our 


clinical impression that the improve- 
ment we have seen in some of the pa- 
tients at 1 year cannot be accounted for 
by a placebo effect, we agree that the 
placebo effect may be profound when 
the procedure is dramatic, and the 
emotional investment of both the pa- 
tient and the family is great.” 
Backlund? has recently reported 
that despite only transient improve- 
ment lasting much less than 1 year, his 
four patients have not shown any clin- 
ical deterioration since their adrenal 
transplant. This includes the first pa- 
tient who has now been followed up for 
more than 5 years. His results raise the 
possibility that patients in our study 
who did not show distinct improve- 
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ment at 1 year may still benefit from 
the transplant by an alteration in the 
course of their disease. Because of the 
large. variation in the rate of progres- 
sion among patients with. Parkinson’s 
disease, the effect of the transplant 
procedure on the rate of progression 
can only be assessed by a long-term, 
randomized; and controlled trial.. 

A clinically significant finding in our 
pilot study was the fact that the con- 
fusional state occurred after trans- 
plantation in 4 of the 6 older patients, 
but in none of the 12 younger patients. 
The most clear cut difference between 
these two groups of patients i is the 20- 
year difference in the average age. In 
retrospect, we believe all 4 patients 
who developed confusion had preexist- 
ing cognitive impairment. Severity 
and duration of Parkinson’s disease 
may also influence the occurrence of 
this confusional state. We would ex- 
clude patients with these high-risk 
characteristics in future experimental 
studies until the benefit is more clearly 
established. 

The results described in this article 
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are sufficiently encouraging to wai- 
rant a randomized, controlled trial of 
adrenal ‘autotransplantation in: pa- 
tients with Parkinson’s disease. Such a 

stiidy should answer two questions 
akout efficacy: does the transplant pro: 
cedürë actually lead to improvement in 
Parkinson’s disease; and does the 
transplant procedure affect the rate of 
progression of Parkinson’s diséase? 
Combining the, results from several 
uncontrolled pilot studiés will not an- 
tional pilot studies. ‘using ‘this tech- 
nique of adrenal medullary transplan- 
tation are unwarranted in our opinion. 
Only a randomized controlled trial can 

ever be expected to provide definitive 
answers to these questions..The justi- 


fication for such’ a trial rests not only 


on the distinct and sustained i improve- 
ment in four of the patients, but also on 
the fact that none of the younger 
patients has been made worse. Because 
we are investigating a surgical | proce- 
dure, we believe that a proper con- 
trolled trial needs to be started quickly 
before the one beconies wide- 
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Falling and Postural Deficits due to 


Acute Unilateral Basal Ganglia Lesions 


Enrique L. Labadie, MD; Gavin I, Awerbuch, MD; Robert H. Hamilton, MD; Steven Z. Rapesak, MD 


è Nine patients presented with sudden 
falling events to one side while sitting, 
standing, or walking. All were initially un- 
aware of their severe postural deficit, and 
five were obfuscated. The observed falls 
were a distinctly slow, tilting motion in a 
stereotypic lateral or diagonal trajectory, 
literally “ike a falling log.” The events oc- 
curred with eyes opened and were exac- 
erbated with eye closure, but no patient 
had evidence of cerebellar, vestibular, or 
posterior column dysfunction or signifi- 
cant motor weakness. Unilateral basal 
ganglia hemorrhages or lacunar infarcts 
contralateral to the side of the fall were 
demonstrated by computed tomographic 
scans. The overall prognosis was favor- 
able; eight of nine patients regained inde- 
pendent ambulation within 3 to.6 weeks. 
Our findings indicate that a distinct loss of 
postural balance arises contralaterally to 
unilateral pallidal-putaminal lesions. 

(Arch Neurol. 1989;46:492-496) 


[t is well known that basal ganglia 

and substantia nigra degenerative 
disorders may produce postural insta- 
bility. Most. of those disorders arise 
slowly as a chronic process and affect 
the basal ganglia bilaterally. To our 
knowledge, only two patients with 
acute unilateral lenticular lesions 
have been described as suffering fall- 
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ing events due to unexplained postural 
instability. : ; 
- A case with “weakness of one leg 


- with ease of falling” was first de- 


scribed by Fisher! in.a hypertensive 
patient who developed slight weakness 
of one leg, combined with a tendency to 
fall toward the weak side without ad- 
equate explanation. Angiography 
showed no abnormality, and the lesion 
was not verified pathologically. In 1979 
he reported a similar syndrome in a 
72-year-old hypertensive, diabetic 
man.’ This patient was described as 
“incoherent” and “drunk-like” with a 
mild left hemiparesis and a remark- 
able tendency to fall to the left. Au- 
topsy revealed a lacunar infarct in- 
volving the right internal capsule, 
putamen, and caudate nucleus. How- 
ever, the clinicopathological correla- 
tion was made with considerable res- 
ervation as the author thought the 
single lesion could not fully explain the 
clinical syndrome. 

We have encountered nine patients 
who presented with a striking ten- 
dency to fall while standing, walking, 
or sitting due to postural instability. 
The cause in each patient was an acute 
unilateral hemorrhage or infarct of 
the contralateral pallidum or puta- 
men. 


CLINICAL FINDINGS 


Patients who presented with episodes of 
“acute ease of falling” were included if 
neurological examination did not reveal 
objective evidence of moderate or severe 
hemiplegia, cerebellar ataxia, vestibuler 
dysfunction, proprioceptive loss, nystag- 
mus, or peripheral neuropathy. Patients 
with chronic postural instability due to 


parkinsonism or patients taking drugs af- 
fecting basal ganglia structures were ex- 
cluded. Unilateral basal ganglia lesions 
were confirmed by computed tomographic 
scanning and location determined using an 
atlas by Matsui and Hirano. Six patients 
had left-sided basal ganglia lesions and 
three suffered them on the right. 

‘The clinical features of our nine cases are 
summarized in Table 1; Figs 1 through 5 
show features of five cases. The mean age 
was 64 years. The most common risk factor 
was uncontrolled hypertension. One patient 
with a lenticular hemorrhage was taking 
warfarin sodium (Coumadin) 5 to 10 mg a 
day for recurrent venous thrombosis. An- 
other hemorrhage was associated with bi- 
opsy-proved Churg-Strauss vasculitis. Of 
the nine cases, two patients had no discern- 
ible weakness, three had only a subtle 
hemiparesis (ie, slower repetitive finger 
movements), four had a mild hemiparesis 
(ie, mild arm drift), and all had Babinski’s 
sign with mild hyperreflexia on the involved 
side. Initially, five patients were transiently 
obfuscated but this cleared rapidly in the 
week after. 


DESCRIPTION OF THE FALLS AND 
OUTCOME 


All patients fell with a distinctly slow, 
tilting motion in a stereotypic lateral or di- 
agonal trajectory, “like a falling log.” The 
falls oecurred with eyes opened and wors- 
ened with eye closure during Romberg test- 
ing. During the initial phase, patients indi- 
cated that they were not aware of their 
falling and made little or no protective at- 
tempt to prevent the fall; they did not tilt 
their bodies, move their feet or arms, or 
support themselves with nearby objects. 
Within the first week after the insult, the 
patients became aware of the falling mo- 
tion but were unable to perform corrective 
movements fully. It should be noted that 
six of nine patients showed a fall propen- 
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BG Lesions and Falling * 


Patient No./ 
Age, y/Sex 


Additional 
Findings 
L Babinski’s; 


Recovery 
Time, wk 


5 (partial) 


Hemiparesis 
Grade 


Subtle 


Affected Fall 
BG Side 


R (putamen, 


Falling 
Activity 
Sitting and 


Lesion 
Type 
Bleed 


Causative 
Factor 

















1/52/F 


2/65/M HBP, warfarin 


sodium (Coumadin) 


3/56/M 


4/62/M Vasculitis 


5/78/M 


6/71/M 


7/61/M 


8/63/M HBP 


9/69/M HBP 


Bleed 


Bleed 


Bleed 


Lacune (2) 


Lacune 


Lacune 


Lacune 


Lacune 


pallidum) erect 


L (putamen) Standing 


Sitting and 
erect 


R (putamen) 


Sitting and 
erect 


L (pallidum, thalamus) 


R Sitting and 
erect 
R Sitting and 
erect 
Standing, 
walking 


L (putamen, pallidum) 


L (putamen) 


L (putamen) 


Standing, 
walking 


Standing 


L (pallidum) 


R (putamen) 





onset, confused; 
facial sadness; 
pseudobulbar 

R Babinski's; 
onset, confused; 
facial sadness; 
low voice tone 

Mild L Babinski’s; 
onset, confused; 
L side face weak; 
dysarthria 

R Babinski’s; 
onset, confused; 
facial sadness 


R Babinski's 


None 


Subtle 


None 


Mild R hypereflexia; 
Babinski's 

Onset, confused; 
R hypereflexia; 
Babinski's 

R hypereflexia; 
clumsy hand 

L Babinski’s; 
facial sadness 


Subtle 


* BG indicates basal ganglia; and HBP, high blood pressure. For patient 2, prothrombin time was 21 s; partial thromboplastin time was 42 s. Patients 1 through 5 are 


shown in Figs 1 through 5. 





Fig 1.—Computed tomographic scan of case 1 
showing a moderate-sized hemorrhage involv- 
ing putamen and globus pallidus. 


sity comparable with Fig 5, while the re- 
maining three were comparable with Figs 2 
and 4. 

Although in the first few days the fall 
propensity was incapacitating, the recovery 
rate was favorable: eight of nine cases 
regained independent ambulation in the 
following 3 to 6 weeks without the use of 
dopaminergic medications. The slowest re- 
covery occurred in the only patient of this 
group who had a 2-year-old lacune con- 
tralateral to his new hemorrhage. 


COMMENT 


Our observations suggest that some 
falling events in the elderly may result 
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from unsuspected basal ganglia in- 
sults that produce postural impair- 
ments. Those patients may receive 
treatment for their injury, and the un- 
derlying neurological event could eas- 
ily be overlooked. 

During the falls we observed, our 
patients made no corrective postural 
reflex movements, did not change their 
facial expressions, and appeared un- 
aware of the fall. Lack of awareness is 
a subtle but significant difference be- 
tween corticospinal hemiparesis or 
cerebellar ataxia vs the postural insta- 
bility due to acute basal ganglia inju- 
ries. Hemiparetic or ataxic patients 
are usually aware of their deficits and 
perform bodily movements hesitantly, 
often grasping onto objects. In most 
hemiparetic patients with corticospi- 
nal injury, postural balance is seldom 
affected, while distal extremity func- 
tions are greatly impaired. For com- 
parative demonstration, we have in- 
cluded a photograph of a patient with 
corticospinal injury in whom appro- 
priate postural corrections remain ev- 
ident despite clear-cut hemiparesis 
(Fig 6). In contrast, our cases with 
putaminal-pallidal lesions showed 
marked postural instability with min- 
imal or no discernible hemiparesis and 
very poor awareness of their danger- 
ous postural impairment; without hes- 
itation they attempted the Romberg 
test or unassisted walking even though 
they had just fallen while sitting 
(Fig 5). 


Patients suffering truncal cerebellar 
ataxia may fall, but they show notice- 
able bodily oscillations and a wide- 
based stance. None of our cases showed 
wide-based ataxic gait, and sequential 
photography verified that no ataxic 
oscillations occurred during the falling 
events. Moreover, the falling speed in 
acute basal ganglia injury was dis- 
tinctly slow, noticeably different from 
the faster collapsing speed seen in 
other conditions, including those caus- 
ing leg weakness. 

Vertical posture depends on afferent 
proprioceptive, visual, and vestibular 
inputs to perceive changing axial sta- 
bility. This multisensory information 
must be transformed into motor 
corrections to maintain balanced 
equilibrium.** Experimental evidence 
in animals and humans indicates that 
the basal ganglia plays a critical role in 
that process. Research in rodents, cats, 
dogs, and monkeys has shown that bi- 
lateral lenticular injuries produce de- 
fective spatial perception as well as 
marked postural deficits.*” 

Martin et al? comprehensively 
studied patients with postencephalitic 
parkinsonism and other basal ganglia 
disorders during static equilibrium 
and balanced motions. They noted in 
those patients an absence of postural 
reflexes normally present in unaf- 
fected individuals and referred to 
these deficits as the “negative phenom- 
ena” of basal ganglia. 

Our cases attest to an acute falling 
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_ Fig 2.—Top, Sequential photographs of pa- 
tient 2 during Romberg test, third week after 
onset. Despite no evident weakness, the pa- 
tient slowly tilts toward the right and finally 
takes a corrective step with the left foot. Bot- 
tom, Computed tomographic scan of the same 
patient showing a large left-sided putaminal 
hemorrhage with surrounding edema and min- 
imal displacement of lateral ventricle horn. 


Fig 3.—Computed tomographic scan showing 
a very early putaminal hemorrhage without 
surrounding edema. 





Fig 4.—Sequential photographs of a patient 
with astatic postural impairment. = ee, 
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Fig 5.— Sequential photographs of a case on admission. Left, The anteroposterior view shows the 


patient sitting with his eyes open as he gradually falls toward the right and backward, while he 
continues the outstretched arm posture and makes no compensatory motor correction. In the lat- 
eral seated view, the backward fall is also clearly evident, and despite the additional propriocep- 
tive information provided by the chair’s backrest, no attempt at forward correction is evident. Cen- 
ter, Same patient standing is seen slowly falling ‘‘like a log” toward the right. No postural correc- 
tions are seen even though, from the second frame onward, his eyes have opened. Six of nine 
patients presented initially with a similar degree of postural instability. Top Right, Computed tomo- 
graphic scan showing a medial left-sided basal ganglia infarct. 


syndrome reminiscent of unilateral 
postural bradykinesia, resembling the 
descriptions and photographic record- 
ings of Martin et al. However, un- 
like patients suffering bilateral Par- 
kinson’s disease of substantia nigra 
origin, our patients did not manifest 
stooped posture, festination, or resting 
tremor, and their acute postural defi- 
cit remitted spontaneously in the fol- 
lowing 3 to 6 weeks. 

We infer that this acute falling pro- 
pensity is caused by interruption of 
those loops connecting caudate, puta- 
men, pallidum, and substantia nigra to 
the thalamus and prefrontal motor 
areas.'*'’ Anatomical and physiologi- 
cal research indicates that the lenticu- 
lar system simultaneously links 
proprioceptive and spatial percep- 
tions®'*'*2! with motor skill mem- 
ory,*'°?'6 yielding a constant kin- 
esthetic feedback for ongoing postural 
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corrections**!*'47!4 and other postural 
motor expressions.”!!’ 

Photographic and radiographic doc- 
umentation in our patients afflicted 
with sudden falling events and poor 
awareness indicates that unilateral 
basal ganglia lesions do evoke faulty 
processing of postural motor 
reflexes and poor integration of 
kinesthetic self-awareness.*!!!3!41820 
This falling phenomenon of lenticular 
origin has clinical localization value by 
distinguishing basal ganglia injuries 
from cerebellar ataxia**! and other 
clinically dissimilar falling events. 


We wish to thank Gerald Ferencz, MD, Gilbert 
Gonzalez, MD, Mario Aguilar, MD, Scott Forrer, 
MD, Francisco Torres, MD, Victor Salazar, MD, 
and our nursing staff for their assistance in the 
treatment of these patients and their support in 
the preparation of this article. 





/ 


š 
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Fig 6.—A case of pure motor hemiparesis due 
to capsular lacune is shown for comparison. 
Despite marked hemibody weakness with pro- 
nounced arm drift, no postural deficit is evident 
in either the lateral or anteroposterior view. It 
should be noted that the patient is performing 
postural (motor) correction by tilting slightly 
away from the hemiparesis. 
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T-Cell Alterations in Late Postpoliomyelitis 


Arthur H. Ginsberg, MDCM; Michael J. Gale, Jr; Lynn M. Rose, PhD; Edward A. Clark, PhD 


è The immunologic status of patients 
with prior poliomyelitis was studied using 
two-color flow cytometric analyses. Ten 
lymphocyte subsets including subsets of 
CD4* T cells, CD8* T cells, B cells, and 
natural killer cells were examined. Eigh- 
teen patients presented with clinical 
symptoms compatible with the postpolio 
syndrome. This group was compared with 
18 asymptomatic postpolio survivors and 
22 age-matched healthy controls. The 
results demonstrated significant altera- 
tions in CD4* subsets in the postpolio 
group as a whole when compared with 
normal controls. These findings reveal 
definite alterations in the immune status 
of postpolio survivors and raise the possi- 
bility that immunologic factors may con- 
tribute to late disease progression. 

(Arch Neurol. 1989;46:497-501) 


he existence of a neuromuscular 

syndrome that begins many years 
after recovery from acute paralytic 
poliomyelitis is now well estab- 
lished.'* The manifestations of this 
syndrome vary from individual to 
individual. Progression of weakness in 
atrophic limbs as well as normal- 
appearing limbs said to have escaped 
clinical involvement in the original 
infection is frequently reported. Other 
symptoms include fatigue, paresthe- 
sias, muscle cramps, and fascicula- 
tions. Much remains unknown about 
this postpoliomyelitis atrophy syn- 
drome, including a definite cause, 
rapidity of progression, and the effect 
of exertion on the natural history of 
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illness. Prevailing theory suggests 
that the illness is caused by a dysfunc- 
tion of the surviving motor neurons 
which results in loss of axonal termi- 
nals.” While this theory remains 
most prevalent, other studies have 
demonstrated cerebrospinal fluid im- 
munoglobulin abnormalities and pe- 
ripheral lymphocyte abnormalities in 
a significant number of patients,’ 
implying that immune dysfunction 
may contribute to the disease progres- 
sion. 

Over the past 5 years, the immune 
status of patients has been evaluated 
by monitoring the frequency and/or 
absolute levels of lymphocytes ex- 
pressing one or more differentiation 
markers. In the case of multiple scle- 
rosis (MS), monitoring of subsets 
expressing two markers such as CD4 
(T4) and CD45R (T200) enabled us to 
detect immunologie abnormalities not 
evident by just measuring CD4* (T4) 
or CD8* (T8) cells only.!° Most recent- 
ly, second markers along with CD4 
and CD8, such as the various forms of 
the leukocyte common marker CD45 
(T200) or the adhesion marker CD18 
(LFA-1), have been shown to measure 
activated or memory T-cell subsets.” 
Two-color analyses have also been 
useful to measure testing (IgD*) or 
activated (IgD-) B cells. Although the 
functions of many of the T-cell sub- 
sets identified by two-color analyses 
remain controversial," flow cytomet- 
ric analyses may provide a means to 
assess possible underlying immuno- 
logic abnormalities. 

To further define the immunologic 
status of patients with prior poliomy- 
elitis, we have measured lymphocyte 
subset levels using two-color flow 
cytometric analyses. Postpolio pa- 
tients with symptoms (PPS) were 
compared with asymptomatic postpo- 


lio patients (PPA) and normal con- 
trols. Ten lymphocyte subsets of CD4* 
T cells, CD8* T cells, B cells, and 
natural killer (NK) cells were exam- 
ined using methods we previously 
employed for evaluating patients with 
MS." Our findings indicate that survi- 
vors of polio as a group have an 
altered immune status distinct from 
normal controls or patients with MS. 


PATIENTS AND METHODS 


After obtaining informed consent, all 
patients were interviewed and examined 
by a neurologist. All patients gave a histo- 
ry compatible with acute paralytic polio- 
myelitis in childhood or adolescence. All 
patients had partially recovered after the 
initial episode and had had a stable period 
of function for at least 15 years. One group 
of 18 patients designated the PPS group 
gave histories of new neuromuscular 
symptoms, including progressive weak- 
ness, muscle cramps, fasciculations, and 
lack of endurance that were unrelated to 
any new neurologic or superimposed medi- 
cal illness. Eighteen patients were polio 
survivors without any new symptoms and 
were designated as the PPA group. Neuro- 
logic examination in all postpolio patients 
revealed atrophy, areflexia, and weakness 
in at least one limb with intact peripheral 
sensation. One symptomatic patient with 
sarcoidosis who was being treated with 
prednisone, 20 mg every other day, and one 
asymptomatic patient with insulin-depen- 
dent diabetes were excluded from the 
study. Median ages for those in the various 
groups were as follows: PPS, 47 years; 
PPA, 49 years; and healthy controls, 53 
years. One patient, aged 31 years, in the 
PPA group had polio develop after receiv- 
ing defective vaccine. The control group 
was composed of 22 healthy individuals. 


Cell Preparations 


Human peripheral blood lymphocytes 
were isolated from heparinized venous 
blood by means of Ficoll-Hypaque density 
gradient centrifugation (Pharmacia Labo- 
ratories, Piscataway, NJ). Unfractionated 
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blood was sent to the clinical laboratory at 
Northwest Hospital, Seattle, Wash, for 
white blood cell and differential cell 
counts. 


Monoclonal Antibodies (MAbs) 


. The MAbs used in this study are listed in 
Table 1..The 2H7, 3AC5, FC-2, and HB10a 
MAbs were prepared by us as previously 
described.'*'*"* Monoclonal antibodies 9.6 
and 60.3 and G10-1 were provided to us. 
The 5-TA4-1 MAb was isolated from celis 
obtained from the American Type Culture 
Collection (from Kuritani and Cooper, 
1982). The Leu-3a MAb was purchased 
from Becton Dickinson, Mountain View, 
Calif. The MAbs were conjugated with 
fluorescein by using fluorescein isothiocya- 
nate or with the phycobiliprotein R-phyco- 
erythrin derived from the red algae Por- 
phyra yezoensis by using the heterobifunc- 
tional cross-linker N-hydroxysuccinimi- 
dy18-(2-pyridyldithi) propionate (SPDP) as 
described.“ Conjugated MAbs were used 
at two doubling dilutions above their titra- 
tion end point on lymphocytes as measured 
by fluorescence-activated cell sorter analy- 
gis. 


Two-Color Fluorescence-Activated Cell 
Sorter Analysis of Lymphocyte Subsets 


Fluorescence-activated cell sorter analy- 
sis (FACStar cell sorter, Becton Dickinson) 
and quantitative two-color analyses were 
performed as described. Forward and 
right-angle light scatter gates were set on 
lymphocytes to exclude monocytes and 
granulocytes. Data were plotted as cell 
number vs log of green fluorescence vs log 
of red fluorescence. Nonspecific staining 
by irrelevant isotype-matched antibodies 
was less than 1%. 


Analysis of Data 


All cell sorter analyses were performed 
without knowledge of the patient’s clinical 
status, and clinical evaluations were made 
without knowledge of the subset data. Ten 
- thousand cells per sample were analyzed 
and the data recorded on floppy disks. 
Data were plotted as cell number vs loga- 
rithm of green fluorescence vs logarithm of 
red fluorescence. Every five channels rep- 
resented a doubling in fluorescence inten- 
sity. Seven T-cell subsets were quantitated 


as follows using markers designated by the’ 


International World Health Organization- 
approved nomenclature: two CD4+ T-cell 
subsets (CD45R*CD4* and CD45R-CD4°*); 
three CD8 T-cell subsets (CD88 CD18 sh 
: CD8'# CD18, and CD8™ CD18); and 
two CD2* T-cell subsets (CD2*DR* and 
CD2* DR-). Two B-cell subsets (CD20*IgD* 
and CD20*IgD~) and one NK cell subset 
(CD16*) were quantitated. Three ratios 
were calculated: a standard helper/sup- 
pressor T-cell ratio (percent CD4* cells/ 
percent CD8* cells); a helper T-cell subset 
ratio ‘percent CD45R-CD4* cells/percent 
CD45R*CD4* cells); and a suppressor T- 
cell subset ratio (percent CD81 geist 
cells/percent CD8*"CD18" cells). The 
‘means and SDs of the subsets for each 
group were calculated. The results are pre- 
sented as percentage and absolute number 
of a subset of the total analyzed. Complete 
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Table 1.—Monoclonal Antibodies (MAb) Used for Identifying Lymphocyte 
Subsets in Postpolio Patients and Controls* 


Marker 2 
(Green) 
{FITC} 


CD45R (Lp220 


Marker 1 
{Red} 
(R-PE) 
CD4 (helper /inducer 
T cells) 


CD8 (suppressor/ 
cytotoxic T cells) 


MAb 
Leu-3a 


G10-1 CD18 (LFA-1 


CD20 (pan B) 2H7 


HLA-DR (Pan 
HLA-DR) 


CD16 (Fe 61 
receptor) 


CD2 (pan TE 9.6 
receptor) 


None 


pan leukocyte) 
pan leukocyte) 


IgD (Surface igb) 


Possible 
Phenotype 

Resting 
Activated 
Activated 
Resting 
Cytotoxic 
Resting 
Activated 
Activated 
Resting 
NK cells 


Subsets 
Monitored 
cb4*+cCD45RT, 
CD4*CD45R™ 
60.3 CoB shtICD {gbriaht 
cpabrishtcp 1 gdull 
CD gduiicn 1 gbright 
co2otigDt, 
CD20tigD~ 
CD2+ DRH, 
CD2tDR- 
Fe raceptort 


MAb 
3AC5 


5TA4-1 


HB10A 


FC-2 





* FITC indicates fluorescein isothiocyanate; R-PE, R-phycoerythrin; and NK, natural killer. 


blood cell counts and differential cell 
counts were obtained on all samples so 
that absolute blood levels of eaca lympho- 
cyte subset could be calculated. Compari- 
sons of the mean percentages of each 
lymphocyte subset from syndrome and 
nonsyndrome polio groups to normal age- 
matched controls were assessed by two- 
tailed ¢ tests. Individuals with values of 
more than 2 SDs were designated abnor- 
mal. Comparisons of the frequency of indi- 
viduals with abnormal and normal per- 
centages in each group were assessed by x? 
analysis. 


RESULTS 


For the sake of clarity, we have 
operationally defined helper/inducer 
cells as any cell expressing the CD4 
marker and suppressor/cytotoxic cells 
as any cell expressing the CD8 mark- 
er. Monoclonal antibody to the 220-kd 
chain of the CD45 (T200) common 
leukocyte antigen (CD45R) divides 
CD4* T helper cells into two subpopu- 
lations (Figure, top left): a CD45R* 
subset and a CD45R~ subset. Approxi- 
mately 50% of CD4* blood lympho- 
cytes from normal individuals express 
the CD45R molecule." Blood lympho- 
cytes stained with phycoerythrin- 
anti-CD8 MAb and fluorescein iso- 
thiocyanate MAb to the 95-kd B chain 
common leukocyte marker CD18 
(LFA-1 B chain) divide suppressor/ 
cytotoxic T cells into three subsets!” 
(Figure, top right). The CD8™ subset 
consists of some cells expressing the 
IgG, Fe receptor and having NK cell 
activity.” 

We compared the frequencies and 
absolute numbers of the subsets listed 
above in patients with PPS and PPA 
with those of healthy age-matched 
controls (Tables 2 and 3). Tctal blood 
lymphocyte levels of PPA and PPS 
patients were not different from 


healthy controls (Table 3). The fre- 


quencies and absolute numbers of 
CD2* T cells, CD8" CD18" suppres- 
sor/cytotoxic T cells, CD16* NK cells, 


and CD20* B cells in control and polio 
groups were not significantly differ- 
ent (P > .5). 

Although the frequency and abso- 
lute numbers of CD4* T cells did not 
differ significantly between the two 
polio groups, they were significantly 
lower than those of the control group 
(Tables 2 and 3). When two CD4+ 
subsets were examined, it was evident 
that the differences between control 
and patient groups were primarily 
due to a depletion of CD45R* CD4+ 
cells in the patient groups (Figure, 
bottom left). The frequency of these 
CD45R*CD4* cells was significantly 
lower in PPS (16%) and PPA (13%) 
individuals than in controls (27%) 
(P < .0001). This dramatic difference 
is most likely due to a depletion of 
CD45R*CD4* cells in the patient 
groups (Table 3), who had about half 
the levels of controls. By contrast, 
CD45R-CD4* subset levels were the 
same as the controls in PPS patients 
and just slightly lower in PPA pa- 
tients. 

The frequency of total CD8* T cells 
was not significantly different be- 
tween the two polio groups (P > .5). A 
comparison of the mean percentage of 
total CD8* cells in each polio group 
with that of the control group (82%) 
revealed that the PPS group was sig- 
nificantly lower (23.5%) (P< .01) 
than controls while the PPA group did 
not differ (31.8%) (P > .5) from con- 
trols. Similar results were obtained 
when absolute lymphocyte levels were 
evaluated (Table 3). 

Whereas the proportion (Table 2) 
and absolute number (Table 3) of 
CDs CD18 cells did not differ 
significantly among the groups, there 
was a striking difference in the fre- 
quency and absolute number of 
CDs CD18™ cells between each 
polio group and the control group. As 
illustrated (Figure, bottom right), 
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control percentages (8% ) were clearly 
higher than the PPS group (2.4%) 
(P < .0001) and the PPA group (3.2%) 
(P <.01). The absolute numbers of 
this subset were about one third to 
one fourth of control levels in PPA 
and PPS patients, respectively. 

There was no difference reflected 
among any groups in the standard 
mean CD4/CD8 ratios. However, the 
combined total number of CD4 and 
CD8 cells in the patient groups was 
about 70% to 75% of levels seen in 
controls. The CD8™CD18>""" subset 
varied widely in both normal and 
patient groups and thus was not sig- 
nificantly different among groups. 

One of the most dramatic differ- 
ences between normal controis and 
PPS and PPA patients was the 
presence of large numbers of 
CD2*CD4-CD8& cells in the patient 
groups (Table 3). CD2*4-8 cells have 
been associated with increases in NK 
cells: however, CD16* NK cells 
were not elevated in the PPS and PPA 
groups, implying that these CD2* cells 
may not express NK cell markers. One 
intriguing possibility is that these 
cells are T cells expressing the Tyé 
receptor, a possibility we are current- 
ly testing. 


COMMENT 


In this study, we have used cell 
sorter analysis to compare CD4 and 
CD8 lymphocytes separated into dis- 
tinct subsets in postpolio groups vs 
controls. Our results show a sig- 
nificant depletion of both the 
CD45R*CD4* subset and the CD8°"# 
CD18" subset in PPS and PPA pa- 
tients when compared with normal 
controls. This pattern of lymphocyte 
subset depletion is not only distinct 
from normal controls but also differ- 
ent from abnormalities we have 
detected in MS and not seen in certain 
other neurologic diseases.” In PPS 
patients total CD8 cell frequencies 
and absolute numbers were signifi- 
cantly lower than in controls; howev- 
er, this difference was not seen in 
PPA patients. Since the CDg?re 
CD18" subset was significantly lower 
for both postpolio groups, other anti- 
genically distinct CD8 subsets may 
help to distinguish between the two 
groups of postpolio patients and fur- 
ther study could help to identify the 
subset in question. Depletion of the 
CDsis"CD18™ subset may be less sig- 
nificant than loss of the CD45R* CD4* 
subset that accounts for a decrease in 
the total helper T-cell population in 
both PPS and PPA patients. No sig- 
nificant differences are noted, howev- 
er, if one looks only at the CD4/CD8 
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Two-color flow: cytometric contour plots of CD4* (a, c) and CD8+ (b, d) lymphocyte subsets in 
normal age-matched controls (a, b) and a patient with postpolio syndrome (c, d). Boxes indicate 
CD45R* and CD45R-CD4" cells and CD8""CD 18>", Cpe CD18", and CD8 CD 18o 
subsets. 


Tabie 2.—Comparison of Lymphocyte Subset Frequencies in Postpolio Patient Groups 
and Healthy Controls 


Percent of Blood Lymphocytes + SEM in 

tet a rN A NI, 

Lymphocyte l Normal 

ne PPs* PPA* Subjects 
Subset Subgroup (34-70)}t+ (31-76)t+ (46-66)f 
cpat Total 39.6 + 1.8 35.5 + 2.3 51 + 2.0 
CD45Rt 15.7 + 2.4 13.4 £ 1.1 27 + 2.0 
CD45R7 23.9 + 1.6 22.1 + 1.0 24+ 1.8 
coat /cp1s* Total 23.5 + 1.5 31.3 + 3.3 32 + 2.0 
Bright/bright 15.6 +15 7.7 + 1.2 18.1 + 1.4 
Bright/ dull 2.4 + 0.7 3.2 + 0.9 8.0 + 1.0 
Dull / bright 5.4 + 0.7 10.4 + 0.2 §.9+ 0.6 
Cb1i6t NK Total 6.9 + 0.9 4.4 + 0.9 5.1 + 0.7 


chet Total 84.1 1.6 83.9 + 1.5 84.7 + 1.0 


LE H EEE EH EE 





Helper T-cell ratio 


Suppressor T-cell 
ratio 


CD4/CD8 ratio 


*PPS indicates postpolio patients with symptoms; PPA, asymptomatic postpolio patients. 
+Age range in years. 
NK indicates netural killer. 
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Tabie 3. = Companson of Absolute Blood Lymphocyte Levels in Postpolio Patient i 
ane Healthy Controls. 


Lymphocyte 
A Ot 


Mean Absolute Lymphocytes + 
Number per Millimeter in * 


eerie ttt ere OA — 


Normal 


Subset 


CC8/CD18 


CD4* plus CD8t 
CD16t NKT 
r B 

cba 


cbet CD47 CD8™ 


Total lymphocytes 


Subgroup 
Total - 


CD45Rt 
CD45R7— 
Total 

Bright/ bright 
Saal / dull 


Dull/ bright 


750 + 501 
(77) tt 
299 + 287 
(58)+ 
448 + 284 
(37) 
436 + 242 
(7 1] 
283 + 170 
(81) 
33 + 46 
(21)§ 
100 + 87 
(89) 
1186 + 360 
(75)]| 
117 +79 
(119) 


167 + 133 - 


(55) 
1541 + 756 
(95) 
355 + 109 

(1534) 
1820 + 886 
(95) 


PPA Subjects 


581 + 218 
(59)4 
225 + 99 
(43)§ 
358 + 154 
(78) 
535 + 321 
(87) 
261 + 148 
- (75) 
50 + 78 
(33)+ 
208 + 236 
(184) 
1116 + 278 
(70)|| 
75 + 68 
(77) 
207 + 100 
(69) 
1462 + 412 
(90) 
346 + 96 
(1504) 
1675 + 519 
(87) 


980 + 272 
(100) 
519 + 144 
(100) 
461 + 128 
{100) 
614 + 171 
(100) 
348 + 96 
(100) 
154 + 43 
(100) 
118 + 92 
(100) 
1594 + 200 
(100) 

98 + 61 
(100) 
299 + 113 
(100) 
1617 + 90 
(100) 
23 +7 
(100) 
1921 + 535 
(100) 





“PPS indicates postpolio patients with symptoms; PPA, asymptomatic postpolio patients. 


tNumbers in parentheses Macato percent of control. 


tP < .001. 

§P < .0001. 

[P < 0t. 

NK indicates natural killer. 


(helper T cell/suppressor T cell) ratio. 
Lack of a consistent abnormality in 
the CD4/CD8 ratio in PPS patients 
has been confirmed in a prior study. 

The precise functions of the 
CD45R*CD4* and CD&*2"C D184" sub- 
sets are not yet known. There is evi- 
dence that. CD45R* and CD45R~ T 
cells differ in their state of activa- 
tion. Similarly, the expression of 
the CD18 marker also increases on 
activated CD8* T cells. 

. Furthermore, CD45R~CD4* T cells 
possess the majority of helper activity 
for B-cell IgG production.'?! The 
CD45R*CD4* cell subset can induce 
nonspecific CD8* suppressor T cells in 
vitro,’ and a depletion of this subset 
has been linked to'a functional loss of 
suppressor cells in patients with MS.” 
However, suppressor/inducer activity 
is not restricted to this subset since 
the CD45R-CD4* T cells can also 
induce antigen-specific suppressor/ 
inducer activity.» Perhaps the func- 
tion of the CD45R* CD4* subset will 
be clarified once the function of the 
CD45R molecule is elucidated. The 
MAb to CD45R can promote T-cell 
activation, and CD45R* ‘levels de- 
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crease on activated T cells as interleu- 
kin 2 receptor levels increase,” thus 
suggesting that CD45R may function 
to regulate interleukin 2-dependent 
proliferation: This implies that the 
subsets depleted in PPS end PPA are 
resting lymphocyte phenotypes. Both 
CD45R*CD4* cells and CD8#"C D184 
cells are enriched in small dense rest- 
ing lymphocyte fractions. Further- 
more, after activation, CD45R* cells 
become CD45R~ and the CD18 level is 
elevated. These changes may relate to 
the pathogenesis of postpoliomyelitis 
atrophy syndrome or to the lympho- 
cytic infiltrates seen in the muscle 
biopsy specimens of some PPS 
patients. ` 

Although both CD45R*CD4* cells 
and CD8CD18™ cells were mark- 
edly’ depleted in PPS and PPA 
patients, the total lymphocyte levels 
in these patients were similar to those 
in controls. Other CD4* and CD8+ 
subsets and B-cell and CD16* NK cell 
subsets were not significantly ele- 
vated to compensate for the depletion 
of CD45R*CD4* and CD8CD18 
cells. Rather, this deficiency was com- 
pensated for by an absolute increase 


in PPS and PPA patients of CD2* cells 
that did not express either CD4 or 
CD8 (Table 3). Some CD2*CD4-CD8- 
cells have been reported to have NK 
cell activity.“ However, an increase in 
cells expressing another NK cell-asso- 
ciated marker, CD16, was not seen in 
PPS and PPA groups. Comprehensive 
flow cytometric analyses using MAbs 
to additional markers not used in this 
study will be required to define this 
subset more precisely. 

The similarity of findings in PPS 
and PPA patients in this study sug- 
gests that all patients who survived 
acute paralytic poliomyelitis -have 
alterations in their immune status. As 
we and others" did not exhibit the PP _ 
phenotype, thus, it is unlikely that 
individuals with the phenotype ac- 
quired it before infection or are more 
likely to contract polio. Immunologic 
similarities in PPS and PPA patients 
find parallels in the electrophysiolog- 
ic abnormalities and neuropathologic 
changes in muscle and spinal cord 
that have been described for these 
patients.**’ There is perhaps a spec- 
trum of disease expression following 
acute poliomyelitis characterized by 
immunologic, physiologic, and patho- 
logic abnormalities. To our knowl- 
edge, the trigger for clinical expres- 
sion of late progressive disease has 
not been defined. The demonstration 
of cellular infiltrates in the muscles of 
PPS patients and the presence of oli- 
goclonal IgG bands in the cerebrospi- 
nal fluid specimens of some of these 
patients point to peripheral and cen- 
tral pathologie findings. How immu- 
nopathologic mechanisms might pro- 
duce these findings is speculative. ` 

In conclusion, this study demon- 
strates alterations in CD4 and CD8 
lymphocyte subsets when PPS and 
PPA patients as a group are compared 
with healthy controls. No significant 
differences were noted in comparison 
of the two postpolio groups. Both the 
CD4 and CD8 subsets that were 
depleted in the postpolio’ group 
appeared to be in a phenotypically 
resting or naive state as recently 
described by Sanders et al.” Thus, it is 
tempting to speculate that long-term 
activation of T cells in postpolio 
patients leads to depletion of naive 
T-cell subsets. While postpoliomyeli- 
tis atrophy syndrome may be the 
result of the slow deterioration in 
axonal terminals of these patients, 
immunologic abnormalities in the 
blood and cerebrospinal fluid of a 
significant number of postpolio survi- 
vors warrant further study and sug- 
gest immunologic mechanisms in dis- 
ease progression. 
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Postpolio Muscular Atrophy 


Diagnostic Utility of Macroelectromyography 


Dale J. Lange, MD; Torben Smith, MD; Robert E. Lovelace, MD 


è Muscles recovered from previous 
poliomyelitis may exhibit new weakness 
and wasting years after the original infec- 
tion (postpolio muscular atrophy). Routine 
electrophysiological and morphological 
techniques may not differentiate weaken- 
ing muscles from previously affected but 
stable muscles. We used quantitative 
motor unit potential analysis, single-fiber 
electromyography, and macroelectro- 
myography (macro-EMG) to determine if 
these techniques could identify weaken- 
ing muscles. We classified 18 previously 
affected muscles according to strength 
from 12 patients who had had poliomyeili- 
tis 18 to 50 years earlier. Muscles of 
normal strength had large-amplitude mac- 
ro-EMG signals (1000 to 4110 4V; normal 
level, <390 4V). Muscles with new weak- 


A decline in functional capability is 

reported in as many as 87% of 
patients years after recovery from 
paralytic poliomyelitis (postpoliomye- 
litis syndrome [PPS].! When there is 
new weakness and wasting of recov- 
ered muscles long after the original 
infection, the condition is called post- 
polio muscular atrophy (PPMA). That 
syndrome accounts for 15% of all 
cases of PPS.* Characteristic electro- 
physiological and morphological fea- 
tures of PPMA have been reported by 
some workers,** but others have found 
no difference between weakening or 
stable muscles with the use of stan- 
dard electromyography (EMG), or 
single-fiber EMG," or specialized 
morphological techniques. Although 
degeneration of terminal nerve end- 
ings has been suggested as a possible 
cause of PPMA,° to our knowledge, 
there is no study comparing motor 
unit territory in weakening and stable 
states. Macroelectromyography (mac- 


ro-EMG) is a technique that provides 
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ness and atrophy had smaller than 
expected macro-EMG amplitude (130 to 
450 nV). Two muscles with weakness and 
atrophy unchanged since the original 
childhood infection had markedly in- 
creased macro-EMG amplitude (1710 and 
1860 4V), suggesting the increased mac- 
ro-EMG amplitude is due to stable reinner- 
vation not strength. Mean motor unit 
potential duration and amplitude were 
lower in newly weakened muscles, but 
jitter, fiber density, and blocking were 
similar in all muscles regardless of 
strength. We conclude that low-amplitude 
macro-EMG signals may be useful in the 
identification of muscles weakened by 


_postpolio muscular atrophy. 


(Arch Neurol 1989;46:502-506) 


information about motor unit territo- 


ry.’ We found that declining macro- 
EMG amplitude correlated with 
declining strength. Macroelectro- 
myography may be useful in estab- 
lishing the diagnosis and understand- 
ing the pathogenesis of PPMA. 


PATIENTS, MATERIALS, AND METHODS 


We examined 12 patients (seven men, 
five women; 22 to 68 years of age). Ten 
patients were referred to the EMG Labora- 
tory at Columbia-Presbyterian Medical 
Center (CPMC), New York, because of new 
symptoms of functional deterioration 19 to 
50 years after poliomyelitis. Two patients 
with a history of poliomyelitis 45 and 50 
years earlier, but no new symptoms, volun- 
teered for examination. 

All patients had a history compatible 
with paralytic poliomyelitis, ie, a febrile 
illness associated with weakness and atro- 
phy of one or more limbs, followed by 
prolonged convalescence with partial or 
complete recovery. Old records, however, 
were unavailable for review. ` 

All patients underwent routine sensory 
and motor conduction studies and concen- 
tric needle EMG examination to assess 
spontaneous electrical activity (fibrilla- 
tions and positive sharp waves) and 
recruitment pattern on maximal effort. 
Eighteen muscles with neurogenic change 
(discrete recruitment of large-amplitude 
motor unit potentials [MUPs] on maximal 
effort) were studied (three muscles were 
studied at two-year intervals) using a 


TECA Mystro, TECA TD/20 (TECA Corp, 
Pleasantville, NY) interfaced with an 
Apple ITE personal computer running SES 
software (SES Software, Uppsala, Swe- 
den), or a Nicolet Viking (Nicolet Corp, 
Madison, Wis). In each muscle, the follow- 
ing tests were performed: quantitative 
MUP analysis; single-fiber EMG; and mac- 
ro-EMG. 


Quantitative MUP Analysis 


Using standard techniques, mean MUP 
duration and amplitude from at least 20 
different motor units were calculated and 
expressed as a percentage of the normal 
mean value for the specific muscle and 
patient age.'* Normal values were obtained 
from the normal values of the EMG Labo- 
ratory at CPMC and the Rigshospitalet, 
Copenhagen. 


Single-Fiber EMG 


Using standard techniques,” at least 20 
different pairs were analyzed for mean 
consecutive difference, percentage of fiber 
pairs with blocking, and mean fiber densi- 
ty (the average number of time-locked 
fibers occurring in 20 insertional sites 
where the triggering potential’s amplitude 
is maximal). Only fibers with rise times 
less than 300 ws and amplitudes greater 
than 200 nV were analyzed. Results were 
stated as percentage deviation from the 
upper limit of the normal mean obtained 
from the normal values at CPMC for the 
particular muscle studied. 


Macro-EMG 


This method has been previously 
deseribed by Stalberg and Fawcett." The 
recording electrode (TECA, Pleasantville, 
NY) is 35 mm long and has Teflon coating 
on all but the terminal 15 mm of the shaft. 
In the micdle of the 15-mm steel cannula 
(75 mm from the tip) is a single-fiber 
EMG electrode. Recordings are made on 
two channels. One displays electrical activ- 
ity from the single-fiber electrode (band- 
width, 500 Hz to 20 kHz). The reference for 
channel 1 (the steel cannula) is the active 
electrode for channel 2 (8 Hz to 10 kHz), 
picking up electrical activity along the 
entire 15-cm shaft that produces the mac- 
rosignal. A nearby surface electrode serves 
as a reference. 

A period of 50 ms is analyzed. The sin- 
gle-fiber potential is delayed 20 to 30 ms 
and repeatedly triggers both channels. The 
macro-EMG signal is averaged until the 
baseline smooths (usually 200 sweeps). In 
most patients, 20 recordings were made 
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from four to five insertions at needle 
depths ensuring total cannula recording. 


Macrosignals similar in configuration No Weakness Asymptomatic- 
were discarded. (5) 
Median amplitude was ni¢asured instead Normal 
of the mean amplitude because of substan- 
tial amplitude variability.” Area was not l Fatigue and Functional 
determined because this measurement was Deterioration 
not available on one of the machines (4) 
- used. 
The 18 muscles were classified according 
to the presence of objective weakness as 
measured according to the Medical 


Weakness, New 


Research Council (MRO) system’ (as by Serial Examinati 
assessed by one of us [D.J.L.]) (Fig 1). KROAN epee 
Muscles of normal strength without symp- l (2) 

toms were compared with muscles of nor- 
mal strength with symptoms of fatigue or 
weakness. In muscles with objective weak- 
ness, those with static weakness since 
childhood were compared with those with 
new weakness. New weakness was docu- 


Weakness, New by History 
(2) 


mented by serial examinations in two . Static Weakness, 
patients and by history in two patients. In No New Symptoms 
the two patients found by history taking to (2) 


have new weakness, questioning was able 
to prove loss of at least one MRC grade (eg, 


worsening from a baseline of being able to Fig 1.—Classification of muscles previously affected by poliomyelitis. 





Summary of Electrodiagnostic Findings * 





















MUP, %t 
Strength/ No. of nn, Macroelactromyographic 
Clinical Status Muscies Duration Amplitude MCD, %ł FD§ Amplitude, %t 
MRC 5/stable 2 , 123 282 387 l 2.6 850 
MRC 4/stable 1 N/D N/D N/D i 2.6 677 
MRC 2/stable 1 80 300 33 2.5 800 
MRC 5/fatigue i 7 113 224 387 2.6 712 
MRC 4/weakening 1 41 70 183 2.5 137 
MRC 3/weakening 2 28 60 197 3.0 29 





MRC 2/weakening 1 2.5 97 





*MUP indicates motor unit potential; MCD, mean consecutive difference; FD, fiber density; MRC, Medical Research Council; and N/D, not done. 
tExpressed as percentage above normal mean. ` 

Expressed as percentage deviation from the upper limit of normal. 

§Normal FD < 1.7. 


1000 gV 


5 ms 


Fig 2.--Representative macroelectromyagraphic tracings from normal and previously affected muscles of different strength. 
Left, Normal muscle, normal strength; center, previously affected muscle with new weakness and wasting (Medical Research 
Council [MRC] grade 3); and right, previously affected muscle recovered to normal strength (MRC 5) and stable. 
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overcome gravity to being weak against 
gravity). Chronically weak muscles with 
new symptoms were excluded (see later). 
All electrophysiological measurements are 
expressed as percentage deviation from the 
normal mean to permit comparisons 
between different muscles. 


RESULTS 
Clinical and Routine Electrophysiological 
Features 


Chronic, asymmetric weakness, re- 
sidual from the original episode of 
paralytic poliomyelitis, was found in 
all patients. The duration of symp- 
toms of weakness was similar with or 
without objective weakness (four to 
five years). 

Objective weakness was slowly pro- 
gressive and asymmetric. No patient 
had clinical fasciculations or upper 
motor neuron signs. . 

The sole muscle biopsy specimen 
from a muscle with new weakness 
revealed severe neurogenic changes 
(grouped atrophy and significant 
fiber-type grouping with type II pre- 
dominance) without inflammatory 
cell infiltration. In the same patient, 
cerebrospinal fluid (CSF) was normal 
and oligoclonal bands were not 
detected. 

Nerve conduction velocities and dis- 
tal latencies were normal in all 
patients except two who had pro- 
longed median distal latencies and no 
median sensory nerve evoked re- 
sponses, indicative of asymptomatic 
carpal tunnel syndrome. Rare fibrilla- 
tion potentials, positive sharp waves, 
and fasciculations were present in 
most muscles studied, regardless of 
strength. 


Normal-Strength Muscles 


Full recovery of muscle strength 
(MRC 5) after the original childhood 
infection occurred in nine muscles. 
The EMG findings in muscles of nor- 
mal strength, which were uniform 
regardless of presence or absence of 
symptoms, consisted of markedly 
increased macro-EMG amplitude, in- 
creased fiber density, increased jitter, 
and increased MUP duration and 
amplitude (Table). The largest medi- 
an macrosignal recorded was 4110 
uV, more than 2000% above normal 
(Fig 2). 


Weak but Stable Muscles 


Two muscles weakened at the time 
of original infection never fully recov- 
ered. One muscle, MRC 2, the other, 
MRC 4, had been stable since child- 
hood. Electromyographic findings 
were similar to those found in muscles 
of normal strength, ie, markedly 
increased macro-EMG, increased fi- 
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New Weakness 


Biceps MRC 3 


Time, y 


Stable Strength 


Biceps MRC 5 


Time, y 


Fig 3.—Serial changes in macroelectromyography (macro-EMG). Two patients had two exami- 
nations with macro-EMG two years apart (biceps). Top, Petient 1 had no objective weakness 
(Medical Research Council [MRC] grade 5) at time of first study. Two years later when muscle 
was weak (MRC 3), macro-EMG amplitude was smaller. Bottom, Patient 2 had no objective 
weakness (MRC 5) at time of first study. Two years later, muscle strength was unchanged and 


macro-EMG amplitude was unchanged. 


ber density, increased jitter, and 
increased MUP duration and ampli- 
tude (Table). 


Muscles With New Weakness and 
Atrophy 


Repeated clinical examinations in 
two patients documented progressive 
weakness over two years (Table). The 
muscle studied with EMG lost 
strength in both patients. One lost 1% 
MRC grades, the other, two grades. 
Only one'of these patients had macro- 
EMG studies as part of the baseline 


evaluation. In this patient, the 
reduced macro-EMG amplitude was 
the most significant change seen of all 
tests performed (Fig 3, top). Motor 
unit potential duration and amplitude 
were smaller in weakened muscles 
and blocking doubled in frequency. 


_For comparison, a previously affected 


muscle of normal strength was reex- 
amined after a two-year interval and 
all results, including ma¢ro-EMG 
amplitude, were unchanged (Fig 3 
bottom). 

Two patients with new, progressive 
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PP iii 


Macro-EMG Amplitude, % Normal 





MRC Grade 


Fig 4.—-Macroelectromyographic (macro- 
EMG) amplitude in weak muscle: stable and 
newly weakening. Macro-EMG amplitude is 
greatly increased in weak muscle (Medica! 
Research Council [MRC] grade 2) that has not 
changed in strength since childhood. In 
patient experiencing new weakness (MRC 4), 
macro-EMG amplitude is low. Smaller macro- 
signal in newly weakened muscle is not a 
characteristic of severity of weakness or atro- 
phy but seems to be associated with cause of 
new weakness. 


weakness and wasting of specific mus- 


cle groups by history were also 
studied. Macroelectromyographic am- 
plitude in these muscles was small 
(Fig 4). In comparison, macro-EMG 
amplitude from weak, atrophic mus- 
cles of stable strength since the origi- 
nal infection was greatly increased 
(Fig 4). Motor unit potential duration 
was also reduced in the muscles with 
new weakness, but fiber density, jit- 
ter, and percent blocking were similar 
to that found in previously affected 
muscles of stable strength. Thus, the 
smaller macro-EMG amplitude in 
muscles with new weakness and atro- 
phy is unrelated to the severity of 
muscle weakness or atrophy. 


New Objective Weakness vs Functional 
Deterioration 


Electromyographic findings in four 
muscles with new symptoms of func- 
tional loss but “without” objective 
weakness were compared with four 
muscles “with” objective loss of 
strength and atrophy. Two muscles 
from previously affected but fully 
recovered muscles were used as con- 
trols. EKlectromyographie findings 
from muscles with symptoms but not 
objective weakness were similar to 
control muscles. The reduced macro- 
EMG amplitude is seen only in mus- 
cles with new weakness and atrophy 
(Fig 5). 


COMMENT 


There are many causes of functional 
deterioration years after paralytic 
poliomyelitis, such as: progressive 
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Mi Macro-EMG Amplitude 
PA MUP Duration 

{1 FD 

Jitter 


Symptoms 


Fig 5.—Electrophysiological features of muscles previously affected by poliomyelitis grouped 
according to symptoms. Group A muscles were of stable strength (N = 13); group B muscles 
were symptomatically weak or tired without new objective weakness; and group C muscles had 
newly acquired weakness (less than Medical Research Council grade 4). Macro-EMG indicates 
macroelectromyography; MUP, motor unit potential; and FD, fiber density. 


musculoskeletal deformities resulting 
from the original weakness; nerve 
entrapment; musculoskeletal pain 
syndromes without progressive mus- 
cle weakness; unexplained decline in 
functional capacities; and progressive 
PPMA.” Criteria for the diagnosis of 
PPMA must be strict, limited to docu- 
mented ard objective progression of 
decreased muscle strength with no 
other demonstrable cause.”? When 
such strict criteria are used, PPMA is 
rare. Because of this and the chronic 
nature of the illness, serial studies, to 
our knowledge, have not been re- 
ported. We believe that we are the 
first to document serial EMG studies 
as muscles weaken. 

Muscles previously effected by 
poliomyelitis are characterized by 
profuse reinnervation by surviving 
motor neurons.” Reinnervation by 
sprouts from regenerating neurons is 
reflected by the long-duration MUPs 
seen in quantitative MUP analysis 
and increased fiber density. Howev- 
er, the most impressive evidence for 
extensive reinnervation is seen in 
macro-EMG studies where we found 
amplitudes 2000% above the mean. 
We found macro-EMG amplitude to 
be markedly increased ir all stable 
muscles, regardless of strength, eg, in 
a weak (MRC2) but clinically stable 
muscle, macro-EMG was increased 
800% above normal. Since the macro- 
EMG amplitude is a direct reflection 
of motor unit territory, *! increased 
motor unit territory secondary to 


reinnervation seems to be the basis 
for recovery. The greater the number 
of surviving motor units with success- 
ful reinnervation, the greater the 
recovery of strength. 

Comparing muscles of similar 
strength, those with new, objective 
weakness and wasting had lower mac- 
ro-EMG amplitudes. On serial exami- 
nation of one patient, macro-EMG 
decreased 727% as strength decreased 
two MRC grades over two years. 
When compared with muscle that had 
no loss of objective strength over the 
same period of time, macro-EMG was 
unchanged. Thus, new weakness and 
atrophy may be differentiated from 
old, stable weakness by the size of the 
macro-EMG amplitude. 

The information obtained from 
macro-EMG is different from all oth- 
er EMG information because the nee- 
dle has such a large recording area. 
Macroelectromyographic needles 
record over a 15-mm area compared 
with that of the concentric needle 
electrode (1 mm) or a single-fiber 
electrode (800 um). This technique 
should therefore yield more informa- 
tion about motor unit territory in 
conditions in which motor unit terri- 
tory is increased due to sprouting, eg, 
poliomyelitis. Another technique for 
measuring motor unit territory 
requires the use of a 14-lead electrode; 
however, patients tolerate this proce- 
dure poorly.?* 

Our study confirms that routine 
EMG cannot differentiate weakening 
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from stable muscle. Spontaneous 
activity and discrete recruitment can 
be seen in both states. Jitter and fiber 
density are also increased in both 
chronic and weakening states as 
reported by ourselves and others*!!*>: 
however, one patient was found to 
have twice as much blocking after 
weakness occurred. Further analysis 
of this aspect is needed. Formal quan- 
titative MUP analysis did reveal 
smaller duration in weakening mus- 
cle, but the persistently large-ampli- 
tude MUPs might deceive the electro- 
myographer not analyzing MUP dura- 
tion into thinking that MUPs were 
enlarged. 

The small macrosignal in weak 
muscles in PPMA represents a reduc- 
tion in the size of the motor unit 
territory. Why this occurs is uncer- 
tain; however, there are a few possible 
explanations. 

First, there could be destruction of 
the peripheral motor unit with loss of 
terminal: axonal branches. Morpho- 
logical evidence’ suggests that PPMA 
is due to a loss of terminal axons; 
however, this has not been con- 
firmed.’ More than 20 years ago, 
Drachman et al% found histological 
evidence of “myopathy” in muscles 
weakened by poliomyelitis many 
years after the original infection. 
They also found short-duration, high- 
amplitude MUPs and proposed that 
the changes in motor unit territory 
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might be due to a breakdown of regen- 
erated nerve terminals.” Such periph- 
eral breakdown may be due to an 
immunological attack on existing 
sprouts’; however, our results would 
not support such a process since CSF 
protein levels and oligoclonal bands 
were normal, the CSF was acellular, 
and muscle biopsy specimens did not 
reveal inflammatory cell infiltration. 
Another possible explanation for loss 
of terminal axons is due to “overwork- 
ing” of the sprouts in the reinnervated 
motor unit with eventual death and 
shrinkage of the motor unit.!° 
Second, further loss of anterior 
horn cells by latent virus may account 
for new weakness years after polio 
infection. We and others have found 
no evidence of active viral infection 
manifested by abnormalities in 
peripheral blood or CSF. Additionally, 
the macro-EMG studies are atypical 
of patients with anterior horn cell 
disease. Serial studies in patients with 
a disease whose hallmark is loss of 
anterior horn cells (amyotrophic lat- 
eral sclerosis) have shown that mac- 
roamplitude is variable,” presum- 
ably being dependent on the effective- 
ness of sprouting. Muscles in which 
large-amplitude macrosignals are not 
found are not likely to exhibit exten- 
sive sprouting. Alternatively, muscles 
in which large-amplitude EMG sig- 
nals develop keep the large-amplitude 
signals as the muscles weaken, per- 
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Long-term Follow-up of Biochemical 
and Cognitive Functioning 
in Patients With Mannosidosis 


Robert B. Noll, PhD; Michael L. Netzloff, MD; Roshni Kulkarni, MD 


@ Longitudinal assessments of three 
brothers with a-mannosidosis were per- 
formed biochemically by determining lev- 
els of leukocyte enzyme activity, and neu- 
rodevelopmentally by testing of general 
intelligence, language, ` visual spatial 
skills, and overall adaptive abilities. Dur- 
ing the. follow-up examination, enzyme 
activity was assessed in fibroblasts to 
evaluate the uniformity of biochemical! 
deficits. Fhe biochemical findings demon- 
strated profound deficits of leukocyte a- 
mannosidase that remained remarkably 
stable over time and were very similar to 
levels of the same enzyme activity in 
fibroblasts. The cognitive findings 
showed that the patients manifested mild 
cognitive deficits. Cognitive deficits were 
generally uniform with no signs of pro- 
gressive deterioration, except receptive 
language abilities. Suggestions are made 
for careful follow-up of auditory abilities 
in patients with mannosidosis. 

(Arch Neurol. 1989;46: 507-509) 


P revious work reported by us in the 

ARCHIVES summarized short-term 
longitudinal data gathered on three 
brothers with a-mannosidosis.’ Our 
findings suggested that during a short 
follow-up period, there were no signs 
of anticipated progressive deteriora- 
tion of functioning, and the cognitive 
and developmental deficits present in 
the children with a-mannosidosis 
were uniform with no distinct areas of 


strength or weakness. In addition, the . 


data suggested that the degree of bio- 
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chemical deficits does not correspond 
with the extent of cognitive deficits; 
children can have severe biochemical 
deficits with relatively mild clinical 
symptoms. The biochemical data were 
limited to enzyme activity in white 
blood cells and were interpreted with 
caution since it is possible that 
enzyme activity exceeding that found 
in white blood cells could occur ‘in 
other tissues. 

The purpose of this reato 
was to explore three further questions 
about a-mannosidosis. First, do the 
clinical deficits remain consistent 
during a lengthy follow-up period, or 
do these patients demonstrate a sig- 


nificant deterioration in functioning 


over time? Our ‘initial work reported 
follow-up data for 24 months; we now 
report sequential data for 6 years for 
the: oldest brother, 5 years for the 
middle brother, and 4 years for the 


youngest brother. This issue is critical 
to the long-term prognosis and care 
for patients with this disease and the 
possible appearance of clinical symp- 
toms related to the age of the child. It 
also provides potential insights into 
the biologic processes that are af- 
fected both by the duration of the 
disease and the stage of the patient’s 
normal development. Second, are neu- 
ropsychologic deficits uniform, or are 
there distinct areas of strength and 
weakness? Because these patients 
were mildly retarded and very young 
during our previous investigation, a 
thorough neuropsychologic assess- 
ment could not be completed. Prelimi- 
nary findings suggested uniform defi- 
cits. Third, are deficits in enzyme 
activity that are found in white blood 
cells also present to the same extent 
in different tissues, and are the bio- 
chemical deficits stable over time? . 


' Table 1.—Overall Testing Times and Tests Administered * 


Chronologie 


Patient Age, mo 


*5-B indicates Stanford-Binet inteligence Scale: 


PPVT-R 


Tests Administered 


Token Vineland - 


x< 


X 
X 
X 
X 
X 
X 
X 
x 
X 
x 
x 


x<- 





Form L-M; PPVT-R, Peabody Picture Vocabulary 


Test-Revised; Vineiand, Vineland Adaptive Behavior Scales; VMI, Developmental Test of Visual-Motor 


Integration; and X, test administered. 
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Table 2.—-Results of a-Mannosidase 
Assays in Leukocytes and Fibroblasts 


Activity * 
| A, 
Leukocytes Fibroblasts 


291 41.8 















Control (n = 3) 
Patient 

1 2.52 (0.86) 
1.96 (0.67) 
2.80 (0.96) 


0.81 (1.94) 
1.00 (2.39) 
0.93 (2.22) 





* Activity is measured in nanomoles per milligram 
of protein per hour. Percent of normal activity is given 
in parentheses. 


PATIENTS 


Our previous report provided detailed 
clinical and physiologic data on these 
patients at the time of diagnosis. Briefly, 
all three of the brothers presented with 
hepatosplenomegaly, with bone marrow 
aspirates showing scattered foamy histio- 
cytes but normal myeloid, erythroid, and 
megakaryocytic series. Activities of sphin- 
gomyelinase §-glucosidase, neuraminidase, 
f-galactosidase, and a-fucosidases, were 
determined on peripheral blood lympho- 
cytes. a-Mannosidase was determined at a 
pH of 4.2 by using 4-methylumbelliferyl 
mannopryanoside as the substrate. All 
enzyme activities that were measured were 
normal, except for a-mannosidase; in all 
three patients, the levels were profoundly 
depressed, ranging from 0.58% to 1.2% of 
normal. 


METHODS 
Laboratory Studies 


Because of the possibility that a discrep- 
ancy could exist. between the leukocyte 
enzyme activity and fibroblast enzyme 
activity, punch biopsy samples were 
obtained by the standard dermatologic 
punch procedure for culture of fibroblasts. 
Leukocytes were also obtained at the same 
time (approximately 4 years after the pre- 
vious leukocyte enzyme determinations). 
a-Mannosidase assays were carried out by 
using previously described techniques.’ 


Cognitive and Developmental Tests 


All of the brothers have received re- 
peated developmental and neuropsycho- 
logic assessments. Our previous report 
summarized findings through 70 months 
for the oldest brother (patient 1), through 
51 months for the second brother (patient 
2}, and at 24 months for the youngest 
brother (patient 3). Data reported in this 
article were collected for an additional 4 
years from each brother, each having three 
additional assessments. 

Each patient was given a battery of 
cognitive and developmental tests, along 
with an assessment of adaptive behavior. 
This abbreviated neuropsychologic battery 
has permitted a more thorough evaluation 
of specific areas of strength and/or weak- 
ness for all of the patients. Table 1 summa- 
rizes the times of testing and the specific 
tests that were given. We previously 
reported results from an_ intellectual 
screening of the children’s biologic mother 
by using the Peabody Picture Vocabulary 
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Table 3.--Results From Repeated Measures of Overall Intelligence, Receptive Language, 
and Visual Spatial Abilities (Standard Scores)* 


Chronologic 
Patient Age, mo 


1 44 
70 
94 


Test Score 


PPVT-Rt 
65 
75 
44 
51 
42 
71 
56 
51 
48 
40 
62 
42 
66 


Token§ 





*S-B indicates Stanford-Binet Intelligence Scale: Form L-M; PPVT-R, Peabody Picture Vocabulary 
Test-Revised: and VMI, Developmental Test of Visual-Motor Integration. 

+Based on the average mean score of 100 and SD of 16. 

{Based on the average mean score of 100 and SD of 15. 

§Based on the average mean score of 500 and SD of 5. 

|| Standardized scores were obtained by dividing the age equivalent score by the child's chronologic age and 


multiplying by 100. 


Table 4.—Results From Repeated Evaluations of 
Adaptive Functioning Vineland Adaptive Behavior Scales 


Scale Score 


[me A E E E Teat r e Ř—ČČÁÚy 


Adaptive 
Composite 


Chronologic 


Patient Age, mo 





Test-Revised (PPVT-R); at the age of 27 
years 2 months, her standard score was 
104, in the normal range. The children’s 
father was also given the PPVT-R; at the 
age of 32 years 3 months, his score was 82, 
in the low average range. i ; 


RESULTS 
Biochemical Findings 


The results of the leukocyte and 
fibroblast enzyme assays that were 
done most recently are shown in Table 
2. There is a persistence of markedly 
low leukocyte enyme levels shown in 
our three patients with a-mannosido- 
sis. In addition, low levels of a-manno- 
sidase were found in the patient’s 
fibroblasts. 


Cognitive and Language Findings 


General Intelligence.—Each of the 
patients has received numerous 
repeated evaluations with the Stan- 
ford-Binet Intelligence Scale: Form 
L-M (S-E). The data show (Table 3) 
that all of the brothers have mild 
mental retardation with no evidence 
of progressive deterioration of perfor- 


Communication 


_ _ Daily 
Living 


Skills Socialization 


mance on this test. 

Language Abilities.—Findings from 
the PPVT-R, Token Test, and Commu- 
nication Domain from the Vineland 
Adaptive’ Behavior Scales showed 
more severe deficits for these patients 
with some evidence of deterioration of 
functioning of receptive language 
abilities above the age of 6 years. The 
most extreme deficits were present on 
the Token Test, but there was no sign 
of deterioration of scores on this task 
(Tables 3 and 4). 

Visual Spatial Abilities. —Findings 
from the Developmental Test of 
Visual-Motor Integration showed that 
all three brothers were functioning in 
the mild mental retardation range, 
with no evidence of deterioration over 
time (Table 3). It was noted that 
scores on the Developmental Test of 
Visual-Motor Integration were consis- 
tently higher than the PPVT-R scores 
and were very similar to the findings 
from the S-B. 

Adaptive Functioning.— Results from 
repeated assessments with the Vine- 
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land Adaptive Behavior Scales 
showed the patients were functioning 
in the mild retardation range; these 
scores were remarkably similar to 
those reported on the S-B Scale. In 
general, they showed the greatest 
strength in Daily Living Skills and 
lowest scores in the Communication 
Domain, and there were no signs of 
deterioration of functioning on this 
test (Table 4). 


COMMENT 


These findings address the ques- 
tions of the long-term stability and 
uniformity of cognitive deficits. The 
results also address the issue of sta- 
bility of biochemical deficits over 
time, and whether enzyme deficien- 
cies are uniform in different tissues. 

Findings suggest that scale scores 
for general intelligence and visual 
spatial abilities remain remarkably 
stable across time. Results from mea- 
sures that place greater demands on 
language skills suggest some deterio- 
ration of receptive vocabulary over 
time, especially after the patients 
reach 6 years of age. These deficits 
were only seen for receptive language 
abilities (PPVT-R) when the patients 
were tested above the age of 6 years 
and were not found on any other task, 
even those making large demands on 
verbal abilities (Token Test, Commu- 
nication Domain of the Vineland 
Adaptive Behavior Scales and the S- 
B). It was noted that while the S-B 
Scale is a test of overall intelligence, it 
places very high demands on verbal 
skills. 

There are several possible reasons 
for the consistent loss of receptive 
vocabulary abilities that was seen in 
these patients when they were tested 
above the age of 6 years. First, all of 
these patients have had considerable 
difficulty with conductive hearing 
loss. Audiograms have shown a mod- 
erate hearing loss of 30 to 40 dB at 
normal frequencies. Children with a 
hearing loss of this magnitude may 
hear adequately in one-to-one situa- 
tions, but they may have difficulty in 
the classroom. In addition, all of the 
patients have had numerous problems 
with otitis media and have required a 
myringotomy and tube insertion. 
While they currently have appropri- 
ate hearing aids, these have not been 
consistently available. It is feasible 
that the difficulties noted with recep- 
tive vocabulary were related to the 
problems with hearing, although no 
problems with voice quality or articu- 
lation were present during any test- 
ings. This would be further compli- 
cated if the conductive hearing loss 
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was an acquired progressive deficit. 
Second, it is feasible that a-mannosi- 
dosis differentially affects areas of 
the brain related to the processing of 
verbal information. Results from the 
neuropsychologic assessments clearly 
demonstrate an overall depression of 
cognitive and adaptive skills, suggest- 
ing that a-mannosidosis affects the 
central nervous system. It is feasible 
that specific areas of the central ner- 
vous system are differentially com- 
promised by a-mannosidosis, result- 
ing in depressed receptive language 
skills in relation to other areas of 
higher cortical functioning. Third, it 
is possible that the findings are spuri- 
ous since sequential data are only 
available for two patients above the 
age of 6 years with a-mannosidosis. 

The overall pattern of findings sug- 
gests that the problems with conduc- 
tive hearing loss are responsible for 
the pattern of scores. There is no sign 
of deterioration of any other standard 
scores for these patients, including 
consistent scores across lengthy time 
periods for the S-B, and for shorter 
time frames for the Communication 
Domain of the revised Vineland Adap- 
tive Behavior Scales and the Token 
Test. If the reason for declining scores 
was a centrally mediated difficulty, 
one would anticipate that scores 
would also be depressed on other tasks 
that place high demands on verbal 
skills. It is feasible that the findings 
are spurious, but the test scores show 
a remarkably similar pattern for the 
two patients older than 6 years of age. 
Further data are needed to resolve 
this issue, but the findings suggest 
that careful follow-up of hearing is 
necessary for patients with a-manno- 
sidosis to ensure optimal function- 
ing. 

The data show that all of the broth- 
ers have mild mental retardation. 
Visual spatial skills also show mild 
deficits. Language skills, both expres- 
sive and receptive, are mildly de- 
pressed until the age of 6 years, and as 
noted above, standard scores of recep- 
tive vocabulary show a steady decline 
above the age of 6 years. It is impor- 
tant to note that although standard 
scores begin to decline gradually, raw 
scores continue to improve even on the 
PPVT-R. These findings suggest that 
children with a-mannosidosis may 
show unevenness in higher cortical 
functioning as scores of receptive 
vocabulary decline after 6 years of 
age. Other language-related abilities 
show no sign of decline. 

Results from current enzyme assays 
of leukocytes and fibroblasts demon- 
strate that the enzyme deficiencies 


are present in different tissues to the 
same extent. These data suggest that 
the biochemical deficits in these 
patients are systemic. It is possible 
that enzyme activities in brain tissue 
may exceed the markedly depressed 
levels found in leukocytes and fibro- 
blasts; however, this seems to be 
unlikely. 

A comparison of our current labora- 
tory data with our previous results 
shows a-mannosidase enzyme levels 
to be remarkably stable over time in 
these patients’ leukocytes. The pa- 
tients demonstrate the type of a-man- 
nosidosis that has previously been 
described by Booth et al?’ in patients 
who have approximately 3% to 7% of 
normal a-mannosidase enzyme activi- 
ty in the cultured skin fibroblasts, and 
approximately 2% to 4% of normal 
activity in their leukocytes. Although 
our patients have a more severe 
enzyme deficiency, their cognitive 
functioning seems to be comparable 
with the patients previously described 
by Booth et al.? The lack of correspon- 
dence between the level of enzyme 
deficiency and mental dysfunction is 
reminiscent of the type of discrepan- 
cies between enzyme levels and per- 
formance that have been reported in 
patients with Gaucher’s disease.’ 

It is recognized that these results 
are based on a single sibship of broth- 
ers with a-mannosidosis who have 
been followed up through the age of 10 
years. Although no definitive conclu- 
sions can be based on three children, 
the results are suggestive of a consis- 
tent long-term pattern for children 
with a-mannosidosis. Overall intellec- 
tual functioning seems to be remark- 
ably stable as are visual spatial abili- 
ties. Patients with this disease should 
be provided with extra assistance in 
language-related skills, and parents 
should be informed of the possibility 
of gradually increasing losses of com- 
petence of receptive language. Hear- 
ing should be constantly examined to 
address potential sensory deprivation 
as it affects cognitive functioning. 
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High Incidence of Primary Cerebral Lymphoma 
in Tumor-Induced Central Neurogenic Hyperventilation 


Rachel Pauzner, MD; Meir Mouallem, MD; Menachem Sadeh, MD; Rina Tadmor, MD; Zvi Farfel, MD 


@ An awake patient presented with 
central neurogenic hyperventilation in- 
duced by a cerebral tumor. Corticosteroid 
therapy and brain irradiation while the 
patient was anesthetized and respiration 
controlled under pancuronium-induced 
respiratory paralysis were followed by 
tumor regression and resolution of hyper- 
ventilation. Recurrence of tumor 6 weeks 
later was not accompanied by recurrence 
of hyperventilation. Cytologic study of 
cerebrospinal fluid revealed B-cell lym- 
phoma. This patient brings to 10 the num- 
ber of cases recorded with tumor-induced 
central neurogenic hyperventilation. Five 
of the eight patients with known tumor 
histology had a primary cerebral lympho- 
ma, a rare neoplasm that comprises only 
1% of all intracranial neoplasms. The 
disproportionately high frequency of 
central neurogenic hyperventilation in 
patients with cerebral lymphoma has ther- 
apeutic implications that are briefly re- 
viewed. 

(Arch Neurol. 1989;46:510-512) 


yperventilation of neurogenic ori- 

gin is usually seen in deeply 
comatose patients with serious cen- 
tral nervous system dysfunction such 
as follows head trauma, cerebrovascu- 
lar accidents, and fulminating intra- 
cranial infections.'? Severe respira- 
tory alkalosis (pH, >7.48), hypocapnia 
(Pco, <30 mm Hg), and above normal 
values of Po, are characteristic fea- 
tures. Its differentiation from hyper- 
ventilation of psychogenic origin and 
hyperventilation compensating for 
hypoxemia and metabolic acidosis of 
various causes usually poses no diffi- 
culty. 

Central neurogenic hyperventila- 
tion in an awake patient is a clinical 
rarity. We recently had such a patient 
who was shown to have a primary 
cerebral B-cell lymphoma. A search of 
the literature revealed nine additional 
instances of central neurogenic hyper- 
ventilation in waking patients associ- 
ated with cerebral tumor?'®; four of 
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them also had a primary cerebral 
lymphoma.***!° 


REPORT OF A CASE 


A 61-year-old woman was hospitalized 
because of confusion. Other than posterior 
uveitis that healed after 2 months of corti- 
costeroid therapy 2 years earlier, she had 
been well until the last 3 months when 
epigastric pain and vomiting appeared. 
Results of a physical examination, routine 
laboratory tests, and roentgenographic 
studies of the chest and gastrointestinal 
tract were normal. A psychiatrist noted 
mild depression and anxiety. Two days 
prior to hospitalization, following com- 
plaints of dizziness and weakness, she was 
reexamined and was found neurologically 
intact. At that time, rapid respiration of 
several days’ duration was reported by her 
husband. The appearance of confusion 
prompted her admission. 

On examination she was drowsy but 
responsive and cooperative. Tachypnea of 
36 to 50 respirations per minute, persisting 
during sleep, was noted. The cardiovascu- 
lar and pulmonary systems were normal. 
Urinary retention and paralytic ileus were 
present. Neurologic examination revealed 
left-gaze palsy, spasticity of all four 
extremities, and brisk tendon reflexes. 
Laboratory studies revealed the following 
values: potassium, 2.7 mmol/L; sodium, 136 
mmol/L; chloride, 107 mmol/L; and bicar- 
bonate, 9 mmol/L. Arterial blood gases 
showed severe respiratory alkalosis: pH, 
7.66; Pco,, 8 mm Hg; and Po, 120 mm Hg. 
Results of laboratory studies disclosed 
that the cerebrospinal fluid (CSF) was 
under normal pressure with a pH of 7.7, 
and contained seven normal lymphocytes 


per milliliter; glucose, 5.65 mmol/L; and 
protein, 1.3 g/L. Computed tomography of 
the head showed parieto-occipital edema 
bilaterally. Injection of contrast material 
demonstrated multiple lesions adjacent to 
the posterior horns of the lateral ventricles 
within the corpus callosum and the pari- 
etal areas (Fig 1). The findings suggested 
lymphomatous infiltration." 

Table 1 shows the acid-base status of the 
patient during efforts to control hyperven- 
tilation and correct alkalosis. Rebreathing 
from a paper bag, breathing through 
increased dead space, and intravenous 
administration of diazepam failed to alter 
the respiratory pattern. The response to 
intravenous administration of morphine 
was favorable but transient, and repeated 
administration was necessary to maintain 
normal arterial blood pH. With ameliora- 
tion of respiratory alkalosis, intravenous 
administration of potassium became effec- 
tive in correcting hypokalemia and reliev- 
ing urinary retention and paralytic ileus. 
Two days after admission, corticosteroid 
therapy was started, and a day later the 
patient was intubated under haloperidol 
anesthesia and mechanically ventilated 10 
times per minute after pancuronium paral- 
ysis of spontaneous breathing. Normal 
arterial pH was thus maintained, and 
serum bicarbonate gradually rose to nor- 
mal. Radiotherapy was started on the fifth 
hospital day and a total of 40 Gy was 
administered during 2 weeks. Repeated 
computed tomography revealed marked 
regression of cerebral lesions after 16 Gy 
and virtually complete resolution on com- 
pletion of therapy. An attempt to wean the 
patient from the pancuronium after 16 Gy 
resulted in recurrence of hyperventilation. 
Hyperventilation did not recur when spon- 


Fig 1.—Admission computed tomography study of the brain following intravenous injection of 
contrast material. Marked enhancement of corpus callosum (left); multiple lesions in parietal 
regions with surrounding edema (right). The lateral ventricles are normal. 





Cerebral Lymphoma—Pauzner et al 


f 


Condition 


Spontaneous 


Respiratory 


Arterial Blood 


Rate —_ Or Sv 
—————————— ET 


Mechanical pH 
6 


Poo, Bicarbonate Radical, 
mm Hg mmol/L 


Admission 44 0 7. 8 120 9 


Two-hour breathing through 
increased dead space 36 0 7.58 12 105 10.8 


Thirty minutes after 
diazepam administration, 
5 mg intravenously 40 


Thirty minutes after 
morphine administration, 
5 mg intravenously 


Pancuronium, 16 h* 


16 Gy, pancuronium 
stopped at 2 ht 


24 Gy, pancuronium 


7.61 


* Patient intubated, haloperidol anesthesia, pancuronium-induced respiratory paralysis. 


+Patient intubated. 


taneous respiration was resumed after 24 
Gy. Recovery from pancuronium also 
revealed a left hemiplegia. Full conscious- 
ness was not regained; the patient 
responded to verbal stimuli only by open- 
ing her eyes and moving her right extrem- 
ities. 

Six weeks after completion of radiother- 
apy, she gradually lapsed into a coma, but 
hyperventilation did not reappear thereaf- 
ter. Computed tomography showed recur- 
rence of the cerebral lesions. Laboratory 
test results revealed clear CSF, which con- 
tained protein, 1.78 g/L; glucose, 0.83 
mmol/L; and 290 cells per milliliter. Cyto- 
logic study after Giemsa staining revealed 
primitive eells with dark cytoplasm and 
large nuclei containing three to four prom- 
inent nucleoli (Fig 2). Immunofluorescent 
staining was positive for immunoglobulins, 
confirming the diagnosis of B-cell lympho- 
ma. Immunofluorescent staining for T-cell 
antigen wT1 was negative, as was staining 
for x chains. Further characterization was 
preempted by lack of cells. 

The patient died 99 days after admission. 
Permission for autopsy was denied. 


COMMENT 


Our patient brings to 10 the total of 
published cases of tumor-induced cen- 
tral neurogenic hyperventilation (Ta- 
ble 2). Three cases were due to astro- 
cytoma disclosed at autopsy.**’ Five 
cases were due to primary cerebral 
lymphoma, revealed at autopsy in 
three,**'° by biopsy in one, and by 
CSF cytology in our patient. The 
nature of the tumor was not estab- 
lished in one patient diagnosed by 
pneumoencephalography’* and in an- 
other by computed tomography.’ All 
the patients were conscious when 
hyperventilation appeared, in striking 
contrast to the comatose state of 
patients with central neurogenic 
hyperventilation of other origins. 
Notwithstanding, the disease usually 
terminated fatally within weeks to 
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Fig 2.— Appearance of cells in cerebrospinal fluid (Giemsa stain, X 1000). 


several months. 

Both anatomic and humoral factors 
have been considered in an attempt to 
understand the mechanism of tumor- 
induced hyperventilation. While dis- 
ruption of inhibitory pathways from 
higher centers by tumor involvement 
of the brain stem could have been 
responsible for hyperventilation in 
seven of the cases, no brain-stem 
lesions were disclosed in our patient 
or in another patient? by computed 
tomography, and in one case carefully 
studied post mortem, no tumor was 
found at, or distal to, the superior 
colliculus. The finding of a paradoxi- 
cally acid pH in the CSF of one patient 
prompted the proposal that hyperven- 
tilation is the response to reduced pH 
of the CSF due to lactic acid produc- 


tion by metabolic activity of the 
tumor cells.? This hypothesis is not 
supported by the alkaline pH of the 
CSF found by Bateman et al'® and by 
us. Although rapid loss of carbon 
dioxide to the atmosphere may spuri- 
ously elevate the pH of the CSF, this 
was probably not significant in our 
patient since the pH was determined 
at the bedside immediately after hav- 
ing been obtained. Although usually 
cisternal CSF pH is more alkaline 
than lumbar CSF pH,” we cannot 
exclude the possibility that in this 
patient the pH of the CSF surround- 
ing the brain stem was lower than 
that determined by us. 

The surprising finding of this sur- 
vey is the emergence of primary cere- 
bral lymphoma as the common tumor 
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Table 2.—Patients With Tumor-Induced Central Neurogenic Hyperventilation 


Arterial Blood 


Aa o 


Source, y 
Suzuki et al,? 1964 


Sex/Age, y 


Pcoo, 


Diagnosis mm Hg 


Astrocytoma 


Bicarbonate Cerebrospinal 


Poo, Radical, Fluid, 
mm Hg 


mmol/L pH 


Lange and Laszlo, 1965 M/51 Lymphoma 7.58 


Goulon et al, 1969 F/22 
Tinaztepe et al,® 1981 


Rodriguez et al,” 1982 


Plum and Leigh,? 1981; Plum,® 
1982 


Plum,® 1982 


Sunderrajan and Passamonte,? 
1984 


Bateman et al,'° 1985 


Present case 


* The patient also had ketoacidosis. 


causing central neurogenic hyperven- 
tilation. Primary cerebral lymphoma 
is an uncommon form (less than 2% ) 
of extranodal non-Hodgkin’s lympho- 
ma and shows the same histologic 
variety as at other extranodal sites." 
Previously designated as microglio- 
ma, malignant reticulosis, lymphoma- 
tous granulomatosis, and reticulum- 
cell sarcoma,'*’> primary cerebral 
lymphoma constitutes only 1% of 
intracranial neoplasms but is being 
diagnosed with increasing frequency 
among immunocompromised individ- 
uals. Disease is usually localized to 
the nervous system where, as in our 
patient, the lesions are multifocal and 
commonly involve the corpus callo- 
sum. Appropriately studied cases of 
primary cerebral lymphoma have 
been shown to be of B-cell origin,” as 
were those in our patient and another 
patient with central hyperventila- 
tion.'° Uveitis, as it occurred in our 


1. Plum F, Swanson AG. Central neurogenic 
hyperventilation in man. Arch Neurol Psychia- 
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2. Plum F, Leigh RJ. Abnormalities of central 
mechanisms. In: Hornbein TF, ed. Regulation of 
Breathing. New York, NY: Marcel Dekker Inc; 
1981:1022-1025. 
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lation and ketosis. Paediatr Univ Tokyo. 
1964;10:58-61. 
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A, Chanard J. Hyperventilation primitive par 
gliome bulbo-protuberantiel. Rev Neurol. 
1969;121:636-639. 
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ventilation. Turk J Pediatr. 1981;23:269-275. 

7. Rodriguez M, Baele PL, Marsh HM, Okazaki 
H. Central neurogenic hyperventilation in an 
awake patient with brainstem astrocytoma. Ann 
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Astrocytoma TER 


Astrocytoma 
Unknown 


Unknown 
Lymphoma 


Lymphoma 
(B-cell) 
Lymphoma 
(B-cell) 


patient and another patient with 
hyperventilation, is a commonly 
associated feature.!®* It is a manifes- 
tation of ocular lymphoma that may 
be an early sign of lymphoma of the 
central nervous system. 

The extraordinary frequency of pri- 
mary cerebral lymphoma among the 
admittedly small number of cases of 
tumor-induced central neurogenic hy- 
perventilation suggests that lympho- 
ma should be the working diagnosis 
and guide therapy. Encouraging pro- 
longation of life in primary cerebral 
lymphoma, sometimes with disease- 
free intervals of several years, has 
followed radiotherapy and central 
nervous system-penetrating chemo- 
therapy.” Indeed, among the pa- 
tients with tumor-induced central 
neurogenic hyperventilation, both of 
those in whom regression of tumor 
and remission of hyperventilation 
were attained had a primary cerebral 
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lymphoma. This result was obtained, 
while they were being mechanically 
ventilated during induced respiratory 
paralysis and receiving steroids, by 
irradiation in our patient and admin- 
istration of cyclophosphamide (that 
was followed by irradiation) in a sec- 
ond patient.’ That the contribution of 
steroids to these favorable responses 
may not have been significant is sug- 
gested by a third patient with cerebral 
lymphoma in whom hyperventilation 
first appeared during steroid thera- 


- py. Among the three patients with 


astrocytoma, hyperventilation was 
not affected by irradiation in one? or 
by steroids in the others.’ Steroids 
were also ineffective in a patient 
whose tumor was not studied histolog- 
ically.’ 
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Electroencephalographic Abnormalities 


in Human T-Cell Lymphotropic Virus 
Type I-Associated Myelopathy 


Yoshika Yonenaga, MD; Kimiyoshi Arimura, MD; Masahito Suehara, MD; 


Yumiko Arimura, MD; Mitsuhiro Osame, MD 


è Thirty-six patients with human T-cell 
lymphotropic virus type | (HTLV-l)—associ- 
ated myelopathy were studied by electro- 
encephalogram. Twenty-two of 36 pa- 
tients showed mild to moderate electro- 
encephalographic abnormalities, ranging 
from poor organization or slowing of the 
background activity to theta bursts and/ 
or spikes. None of these abnormalities 
were considered specific for HTLV-l-as- 
sociated myelopathy. These electroen- 
cephalographic abnormalities had no ap- 
parent relationship to duration or severity 
of illness, nor to HTLV-I antibody titers in 
the cerebrospinal fluid. We document 
electroencephalographic changes in 
HTLV-il-—associated myelopathy. Our data 
are consistent with previous reports de- 
scribing the fact that involvement of re- 
gions above the spinal cord may exist in 
HTLV-i-associated myelopathy. 

(Arch Neurol. 1989;46:513-516) 


I nvolvement of the nervous system by 

the human T-cell lymphotropic vi- 
rus type I (HTLV-I) was independently 
demonstrated in the tropics and in Ja- 
pan in two chronic neurologic disor- 
ders, tropical spastic paraparesis 
(TSP) and HTLV-I-associated mye- 
lopathy (HAM).** Although initial dif- 
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ferences were noted between these my- 
elopathies, with the study of addi- 
tional cases and with the new evidence 
available, the discrepancies have 
slowly narrowed and now HAM and 
HTLV-I-associated TSP are consid- 
ered to be the same disorder.’ These 
discrepancies appear to have origi- 
nated mainly from the difference in 
historic background that led to the 
discovery of these conditions.'!° The 
minimal differences that still remain 
may be the result of genetic or other 
factors.” 

To date, more than 400 HAM cases 
have been diagnosed throughout Ja- 
pan. The salient features of HAM are 
as follows: (1) a slowly progressive 
clinical course; (2) a predominant in- 
volvement of the corticospinal tract 
with mild sensory and bladder distur- 
bances; and (3) the presence of high 
antibody titers to HTLV-I in both se- 
rum and cerebrospinal fluid. Apart 
from the prominent signs of myelopa- 
thy in HAM, some cases show involve- 
ment referrable to regions above the 
spinal cord (ie, increased jaw jerk, 
jerky eye movements, and ataxia).!° 
Using electro-oculography (EOG) and 
visual evoked potentials (VEP), we 
have previously described neuro-oph- 
thalmologic abnormalities in HAM.” 
This article investigates the electroen- 
cephalographic (EEG) changes of pa- 
tients with HAM and notes the rela- 
tionship of these EEG changes with 
illness duration and severity, and 
HTLV-I antibody titers. As far as we 
know, no similar study on HAM and 
TSP have been reported in the past. 


SUBJECT AND METHODS 


Thirty-six patients with HAM were 
studied. All patients fulfilled the diagnostic 
criteria of HAM.’ There were 10 men and 26 
women whose ages ranged from 25 to 69 
years old (mean, 51.8 years old). The illness 
duration before diagnosis ranged from 1 to 
55 years. All showed the presence of HTLV- 
I antibody in the cerebrospinal fluid and the 
titers ranged from 8X to 2048 x by the gel- 
atin particle agglutination method.’ For 
EKG recordings, silver cup electrodes were 
placed on the scalp using the international 
10-20 system. Monopolar derivations with 
reference to the ipsilateral ear and stan- 
dard bipolar derivations were used. A time 
constant of 0.1 or 0.3 seconds was used. Each 
record was obtained in the waking and 
nonfasting conditions, with the patient ly- 
ing in bed. Activations were done by hyper- 
ventilation for 3 minutes, and by photic 
stimulations at 3 to 27 Hz. 

In accordance with published data,’ the 
criteria for EEG abnormalities were as fol- 
lows: Severe abnormality, ie, lack of orga- 
nization of background activity and/or 
presence of paroxysmal activity; mild ab- 
normality, ie, poor organization of back- 
ground activity and/or focal abnormality, 
or rare paroxysmal pattern; and moderate 
abnormality, ie, changes ranging between 


Table 1.—Electroencephalographic 
(EEG) Findings of Human T-Cell 
Lymphotropic Virus Type |-Associated 
Myelopathy 


No. (%) of 


EEG Findings Cases 


Normal EEGs 14 (38.9) 

Abnormal EEGs 22 (61.1) 
Mild abnormality 15 
Moderate abnormality 7 
Severe abnormality 0 





HTLV-I-Associated Myelopathy—Yonenaga et al 513 








Cr taie'e Ul meee TTT ITT ST TTT ST SITIES TTT TTT TTT TTT ST TTT TTT TTT TTT TTT TT TTT Tr 
Fp,A, ~~ J TEA Nn opt Nap NON ANE OINEN AN ig pA EEIN A EINEAN OPI NADAS ALL AANEEN EEN 


Fp,-A, Oe ea DAA pee NNN, pte mn fe NAT PON pag ORR a RNAI Pg me fetter ge Neat WAPOA LOANS AAPL NEON, pf ON * 
F,-A, 


Fs-A2 


TA, 
TeA: 
OLA; 
Erhi rors 
P A, 
P,-A, 
0,-A, 
O-A, 
an 
F,-A, 
TA; 
T-A; 


1s | 100 uV 
e o ee a ba a A eR AA an ba a a E ei no ee 


i - 





Fig 1.—Electroencephalogram of a 33-year-old man showing a mild abnormality (disorganization). 


E 
aL 
R 
= ; >44 
2 s. enr SSS Le OTUs eee TOTTI 
“oi 
FR As aye NN \ arom rene N a PA ane yn Narang 
FprA, . powneteisa YK A iann | flyer nia Were warner yen 
3 F,-A, penne AA A Pear ara Pas eel un Vt prone A 
FiA nan ea Oe NAIA ANAN NNT NA IA N iarann VN N aaa 


a- K ala [errr AINAN MN Nahat 
P T.-A, Se ace A pred iaai, BY (fete HA 
a The SODA ADAP NO PA LN SN etna OD RENO POL ISLA at 


E C,-A, ite Af vt harlem I i ae Ned a See nei sare rei 





F Fig 2.—Electroencephalogram of a 60-year-old woman showing a moderate abnormality (delta burst). 
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mild and severe abnormalities. We at- 
tempted to correlate EEG abnormalities 
with the following: (1) illness duration, 
based on 10-year intervals; and (2) severity 
of illness, simplified from our previous dis- 
ability grading*"’ (these present criteria for 
severity of illness consist of the following 
grades: grade 1, independent ambulation 
with or without abnormal gait; grade 2, 
needs ambulatory support; grade 3, nonam- 
bulatory; and grade 4, confined in bed); (3) 
cerebrospinal fluid HTLV-I antibody titers; 
and (4) EOG and VEP abnormalities. The 
method used for EOG and VEP have been 
previously described.'! 


RESULTS 


Of the 36 subjects with HAM 22 
(61.1%) had abnormal EEGs. Table 1 
shows the breakdown of cases with 
EEG abnormalities according to the 
assigned grades. The patterns of non- 
paroxysmal abnormalities were dis- 
organization’ (Fig 1), increased theta 
or slow alpha waves, theta rhythm, 
and focal abnormality (Table 2). Par- 
oxysmal EKG abnormalities were seen 
in nine patients and these consisted of 


Table 2.—Pattern of Nonparoxysmal 
Electroencephalographic Abnormality 


No. of 
Cases 


Nonparoxysmal 
Abnormal Pattern 
Disorganization 
Increased theta/slow alpha waves 
Theta rhythm 
Focal abnormality 


Table 4.—Duration of Illness and Electroencephalographic 


(EEG) Abnormality 


Duration of Iliness, y 
—————_::.:.?”_ _ _ 


<30 30 or Less 
2 (5.6) 


6 (16.7) 


<10 <20 
Normal EEGs, No. (%) 6 (16.7) 5(13.9) 


Abnormal EEGs, No. (%) 6(16.7) 5(13.9) 
Mild 3 3 


Moderate 
Severe 





Table 6.—Cerebrospinal Fluid (CSF) Human T-Cell 
Lymphotropic Virus Type | (HTLV-I) Titer and 
Electroencephalographic (EEG) Abnormality 


CSF HTLV-I Titer 


gr 


<10 <100 
1 (2.8) 2 (5.6) 
Abnormal EEGs, No. (%) 0(0) 5 (13.9) 
Mild o 2 
Moderate 
Severe 


Normal EEGs, No. (%) 
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<1000 
8 (22.2) 
11 (30.6) 
9 





diffuse theta or delta bursts (Fig 2), 
and spikes, sharp waves, and focal ab- 


normalities (Table 3). No significant. 


correlations were obtained comparing 
the EEG grades of abnormalities with 
illness duration and severity and cere- 
brospinal fluid HTLV-I antibody titers 
(Tables 4 through 6). 

In the included cases, EOG was done 
for 23 subjects and VEP was done for 
21 subjects with HAM. Ten of 23 sub- 
jects who underwent EOG showed 
smooth pursuit movement abnormali- 
ties. Seven (70% ) of these 10 subjects 
revealed mild to moderate abnormal 
EEGs. On the other hand, only 3 of 21 
subjects tested for pattern reversal 
VEP showed delayed P100 latency, and 
two of these three subjects showed 
EEG abnormalities (Table 7). They 
had illness durations ranging from 13 


Table 3.—Pattern and Distribution of 
Paroxysmal Electroencephalographic 
Abnormality 


Paroxysmal Pattern 


Moderate-to high-voltage theta 
bursts 
Diffuse 
Hemispheric 
Focal 
High-voltage rhythmic delta burst 
Diffuse 
Spike and/or sharp waves 
Diffuse 
Hemispheric 
Multifocal 
Focal theta and/or delta waves 










1 (2.8) 
5 (13.9) 
3 







Mild 
Moderate 
Severe 





Table 5.—Severity of Illness and Electroencephalographic 
(EEG) Abnormality * 


Normal EEGs, No. (%) 
Abnormal EEGs, No. (%) 


and 33 years and their disability scores 
were that of grades 3 and 4. 


COMMENT 


Most of the neurologic findings of 
HAM can be explained by the lesions in 
the spinal cord. The short latency so- 
matosensory evoked potentials from 
median and tibial nerve stimulations 
reported by Arimura et al showed 
that the posterior column of the spinal 
cord was affected in HAM. However, 
recent reports!!! suggested that cen- 
tral nervous system lesions above the 
spinal cord may exist in HAM. Froma 
report of 80 cases, double vision was 
noted in 8.1%, increased jaw jerk in 
16.7%, cerebellar signs in 5.0%, and 
finger tremor in 27.2%. No patients 
showed cognitive abnormalities. Our 
previous EOG study revealed mild 
changes in smooth pursuit movement 
in 50% of 22 cases.'' This study re- 
vealed that there were good correla- 
tions between EOG and EEG abnor- 
malities. Although in this study, only 
3 of the 21 tested subjects showed de- 
layed P100 latency in VEP, two of 
these abnormal subjects also had EEG 
abnormalities. Furthermore, they 
were severely affected (grades 3 and 4). 
The combinations of VEP and EEG 
abnormalities may indicate degrees of 
progression of the disease. The pat- 
terns of EEG abnormalities are not 
diagnostic for HAM, but the presence 
of disorganization and diffuse slow 
waves of background activity, and 
theta or delta bursts and spikes may 


Severity of Iliness 
_———— S _- OK-°lRI.oOAANS 
Grade 1 Grade 2 Grade3 Grade 4 
7 (19.4) 5 (13.9) 2 (5.6) O (0) 
7 (19.4) 10(27.8) 4 (11.1) 1 (2.8) 
6 3 1 














* Grade 1 indicates independent ambulation with or without abnormal gait; grade 
2, needs ambulatory support; grade 3, nonambulatory; and grade 4, confined in 
bed. 


1000 
or Less 
3 (8.3) 
6 (16.7) 
4 


Abnormal EEGs 
Mild 
Moderate 
Severe 


pŮŮŮ 


Normal 


Normal EEGs 7 1 





Table 7.—Electro-oculographic (EOG), Visual Evoked 
Potentials (VEPs), Electroencephalographic (EEG) 


Abnormalities 


EOG VEP 
—_—_—_—_—_—_—_—_—_—_—_——— 


Abnormal Normal Abnormal 


3 9 
10 18 
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suggest diffuse and nonspecific cere- 
bral lesions. 

In the first autopsy case report of 
HAM,” inflammatory changes were 
noted in the medulla, pons, and the 
white matter of the cerebrum and cer- 
ebellum, as well as the main lesions in 
the spinal cord. These pathologic 
changes above the spinal cord may 
support the EEG abnormalities noted 
here. : 

In TSP, increased jaw jerk, cerebel- 
lar signs, and visual and hearing loss 
have also been reported.*'*!’ Patho- 
logic findings above the spinal cord of 
TSP'*°2! were characterized by 
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meningeal inflammatory cell infil- 
trates in the white matter of the cere- 
brum. Such changes have been simi- 
larly seen in HAM. Subclinical brain 
lesions were also noted using magnetic 
resonance imaging in both TSP” and 
HAM.’ As yet, electrophysiologic re- 
ports in TSP are few.”?>?’? Newton et 
al” reported auditory brain-stem re- 
sponse and VEP abnormalities in 
HTLV-I-positive patients of spastic 
paraparesis in England’s West Indian 
residents. We are not aware of previ- 
ous reports of EEG studies in TSP. Our 
study suggests that: (1) EEG abnor- 
malities may exist higher than could 
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Painless Stimulation. 


The Cadwell MES-10° 
Finally, there's a painless 
alternative for deep 
nerve stimulation. 


Conventional electrical stimulation 
can be a pretty shocking experience for 
your patients. Which is why you should 
be using the Cadwell MES-10, the first 
deep neuro-stimulator to eliminate pain, 
needles and risk of infection. 

Electrical stimulators apply progres- 
sively more painful voltages to stimulate 
deep neural tissue. Not the MES-10. And 
you get the same identical data as with 
conventional electrical stimulation. 

The MES-10’s magnetic field can 
easily stimulate deep neural structures. 


*Overseas call (509) 735-6481. FAX 1-509-783-6503. 


Copyright 1989 Cadwell Laboratories 


And because the 
fields don’t con- 
centrate at skin 
++ Jl Tevel, the induced 
| a currents are barely 
perceptible. 

Now you can 
easily and pain- 
lessly measure 
motor pathway 
performance and 
integrity of deep 
neural structures. Including femoral and 
sciatic nerves. Spinal cord 
roots. And the brachial p 
plexus and median nerve m 
in the forearm (inching 
technique). 

But it’s not just for 
peripheral stimulation 


Magnetic stimulation 
at wrist, elbow, Erb’s 
and motor cortex. 
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either. Clinical investigative studies for 
FDA approval of cortical stimulation are 
currently underway. 

The MES-10 is portable and works 
hand-in-hand with other instruments, 
including the Cadwell Spectrum 32™ 
Brain Function Analysis System and 
Quantum 84™ EMG/EP Lab. Plus the 
world’s leading EMG/EP portable, the 
Cadwell 5200A. 

The only thing less painful than 
the MES-10 is its price. And that 
should be good news to both you 
and your patients. 

For more details, 
write us at 909 North 
Kellogg Street, Kenne- 
wick, WA 99336. 

Or call toll-free at 
1-800-678-6655? 
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Duplex Ultrasound and Ocular Pneumoplethysmography 
Concordance in Detecting Severe Carotid Stenosis 


John E. Castaldo, MD; Gary G. Nicholas, MD; William Gee, MD; James F. Reed, PhD 


@ Concordance between two indepen- 
dent tests should serve to increase the 
accuracy of diagnosis. A combination of 
ocular pneumoplethysmography and du- 
plex ultrasound, which uses high-resolu- 
tion B-mode imaging plus spectral analy- 
sis, was used to evaluate 289 consecutive 
patients prior to biplane carotid angiogra- 
phy. Where there was concordance, the 
noninvasive tests predicted the presence 
or absence of hemodynamically severe 
carotid stenosis (75% or greater cross- 
sectional area reduction) with a sensitivity 
of 96.8%, a specificity of 95.9%, an accu- 
racy of 96.2%, and positive and negative 
predictive values of 91.0% and 98.6%, re- 
spectively. Of the 538 study arteries, only 
four (0.74%) angiographically severe le- 
sions escaped detection by both noninva- 
sive tests. Sources of diagnostic error for 
both tests were defined. We believe that 
the combination of duplex ultrasound and 
ocular pneumoplethysmography signifi- 
cantly improves the overall assessment of 
carotid atherosclerosis. 

(Arch Neurol. 1989;46:518-522) 


ecent advances in noninvasive test- 
ing have greatly improved our un- 
derstanding of the anatomy and phys- 
iology of carotid disease.'? Pulsed 
Doppler spectral analysis with high- 
resolution B-mode scanning (duplex 
ultrasound [DU]) permits direct visu- 
alization of the cervical carotid ar- 


Accepted for publication September 3, 1988. 

From the Division of Neurology (Dr Castaldo), 
the Department of Surgery (Dr Nicholas), the 
Vascular Laboratory (Dr Gee), and the Research 
Department (Dr Reed), The Allentown (Pa) Hos- 
pital—Lehigh Valley Hospital Center. 

Reprint requests to the Division of Neurology, 
The Allentown Hospital—Lehigh Valley Hospital 
Center, 1200 S Cedar Crest Blvd, Allentown, PA 
18103 (Dr Castaldo). 


518 Arch Neurol—Vol 46, May 1989 


teries while simultaneously assessing 
characteristics of local blood flow. Oc- 
ular pneumoplethysmography (OPG- 
Gee) detects stenosis of hemodynamic 
consequence (=>75% cross-sectional 
area narrowing in the carotid system 
from the level of the heart to the 
carotid siphon. Each test has been 
shown to provide a risk-free method of 
assessing carotid disease with reason- 
able accuracy when compared with 
standard cerebral arteriography.*’ 

Since extracranial carotid occlusive 
disease may cause unheralded stroke 
in some patients, noninvasive tests are 
being used with increasing frequency 
in the evaluation and clinical manage- 
ment of asymptomatic patients.*° 
Large multicentered prospective trials 
are now underway that will rely 
heavily on the accuracy of these tests 
to determine whether medical or sur- 
gical intervention is superior for pre- 
vention of strokes in asymptomatic 
patients with hemodynamically severe 
carotid lesions.'*”” 

Despite technological advances, DU 
continues to have some limitations 
that challenge its clinical 
reliability.'*!4 Coiled, kinked, or trans- 
posed cervical vessels may present spe- 
cial technical problems even for expe- 
rienced ultrasonographers.*> Freshly 
thrombosed vessels may appear nor- 
mal even with high-resolution B-mode 
scanning. Hyperdynamic vessels may 
give extraordinarily high Doppler sig- 
nals, falsely suggesting severe 
disease.'”!* Clinically important preoc- 
clusively stenosed arteries with ex- 
ceedingly low blood flow may be falsely 
interpreted as totally occluded by Dop- 
pler study.” Severe stenosis, 3 cm or 
more above the bifurcation, may be 
missed due to the limitations of the 
field of study. 


The OPG is unhampered by coiled or 
transposed vessels, but is limited by its 
inability to grade the severity of steno- 
sis from 75% to occlusion. The study 
cannot detect lesions approaching se- 
verity, although ocular blood flow mea- 
surements may be useful in this 
assessment.” Eye blink artifacts, ex- 
treme hypertension, cardiac arrhyth- 
mias, and ocular disease may contrib- 
ute to interpretive sources of error. 
History of previous spontaneous reti- 
nal detachment or recent eye surgery 
are absolute contraindications to its 
use. 

The aim of our study was to prospec- 
tively assess the combined sensitivity, 
specificity, and accuracy of the OPG 
and DU in a large group of patients 
who ultimately came to arteriography. 
In addition, by retrospectively review- 
ing cases of interpretive mismatch be- 
tween noninvasive testing and angiog- 
raphy, we sought to identify potential 
sources of error that could be corrected 
to improve diagnostic accuracy. 


MATERIALS AND METHODS 


The study period began July 1, 1985, and 
ended August 4, 1987. All patients referred 
to the vascular laboratory for DU who un- 
derwent cerebral angiography within 6 
months of the test were eligible for the 
study. The need for angiography was deter- 
mined by the patient’s referring physician. 
Noninvasive tests were performed by six 
technologists supervised by three physi- 
cians. During the 25-month prospective pe- 
riod, 7442 patients had OPG testing and 
2399 patients were scanned with DU. Of the 
patients who had duplex testing and OPG, 
289 consecutive patients, or 578 carotid ar- 
teries, came to arteriography within the al- 
lotted time. 

All DU videotapes, OPG data, and arte- 
riogram mismatches for severe stenosis or 
occlusion were retrospectively reviewed for 
sources of error. 
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Sensitivity (S+), specificity (S—), positive 
predictive values (PPVs), negative predic- 
tive values (NPVs), accuracy (A+), and x 
statistics were computed. Sensitivity is the 
conditional probability of a patient having 
a positive diagnostic test result given the 
disease is present. Specificity is the condi- 
tional probability of a patient having a 
negative diagnostic test result given the 
disease is absent. TP indicates the number 
of true-positives; TN, the number of true- 
negatives; FP, the number of false-posi- 
tives; and FN, the number of false-nega- 
tives. The estimated sensitivity of a diag- 
nostic test is given by S+ = TP/(TP + FN). 
The estimated specificity of a diagnostic 
test is given by S— = TN/(TN + FP). The 
positive predictive value is the conditional 
probability of the disease being present 
given the diagnostic test result is positive. 
The estimated PPV is given by PPV = TP/ 
(TP + FP). The negative predictive value is 
the conditional probability of the disease 
being absent given the diagnostic test re- 
sult is negative. The estimated NPV is given 
by NPV = TN/(TN + FN). The accuracy or 
index of validity is the proportion of cor- 
rectly classified individuals, and is esti- 
mated by A+ = (TP + TN)/N. The x statis- 
tic is a concordance measure corrected for 
chance agreement between paired observa- 
tions. A « statistic greater than 0.75 applied 
to the reliability of the diagnostic categori- 
zation of patients indicates an “excellent” 
concordance; a x between 0.4 and 0.75 is a 
“good” concordance between the diagnostic 
categorizations; and a x between 0 and 0.4 
indicates a marginal concordance. 


Technique and Interpretation of 
Noninvasive Tests 


Carotid ultrasound was performed using 
a system of high-resolution B-mode scan- 
ning (axial resolution, 0.3 mm; lateral res- 
olution 0.7 mm) and pulsed Doppler spec- 
tral analysis, which uses an 8.0-MHz probe 
(Biosound 2000 II SA). Each patient was 
examined in the supine position with the 
neck extended and the head turned to the 
contralateral side. The carotid arteries 
were viewed in the anterior, lateral, pos- 
terolateral, and transverse projections. In- 
tima to intima dimensions, plaque mor- 
phology, and minimal residual lumen di- 
ameters were recorded to the nearest 
millimeter by cursor measurements and 
stored on videotape. The cervical segments 
of the common carotid artery, bulb region, 
and internal and external carotid arteries 
were routinely scanned and recorded. In 
areas of stenosis, multiple Doppler sam- 
plings were obtained proximally, distally, 
and at the site of greatest luminal narrow- 
ing. 

All DU videotaped examinations were 
reviewed and interpreted by one of three 
physicians blinded to arteriographic data. 
Scan quality was judged from excellent to 
unacceptable using criteria outlined by 
Comerota et al.° Stenoses were graded to 
the nearest 25% cross-sectional area reduc- 
tion of lumen by B-mode scan used with 
pulsed Doppler peak frequency data. Severe 
stenoses were judged on B-mode scan to 
contain plaque, which produced a cross- 
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DU, % Cross-sectional Area Reduction 





Angiography, % Cross-sectional Area Reduction 


Consecutive series of 538 carotid arteries studied by duplex ultrasound (DU), ocular pneumo- 
plethysmography (OPG), and cerebral angiography. N-MI indicates normal to mild; Mo, moderate; 
MS, moderately severe; S, severe; O, occluded; squares, OPG-positive; and circles, OPG-nega- 


tive. 


sectional area reduction of the vessel lumen 
by 75% to 99%. In addition, severe stenoses 
had to produce Doppler peak systolic fre- 
quencies of at least 7000 Hz with spectral 
broadening or 8000 Hz with or without 
spectral broadening. 

Ocular pneumoplethysmography was 
performed and plotted on the LP-3 OPG- 
Gee machine and interpreted by the method 
outlined by Gee.’ One of the criteria for in- 
terpretation is a difference in the oph- 
thalmic systolic pressures (OSPs) of 5 mm 
Hg or greater. The other criterion relates 
the OSP to the brachial systolic pressure 
(BSP) as an ophthalmobrachial systolic 
pressure (OBSP) index, characterized by 
the formula OBSP = OSP — 39.0 — 
0.43BSP. A positive OBSP is above, and a 
negative OBSP is on or below, a line of de- 
marcation, which is defined by the formula 
OSP = 39.0 + 0.43BSP. A test result indica- 
tive of a severe carotid stenosis (>75% 
cross-sectional area) falls on or below the 
line of demarcation. 


Arteriography 


Of the 538 carotid arteries that made up 
the study group, 167 were studied by percu- 
taneous biplane arch arteriography and 371 
by selective common carotid arteriography. 
All studies were interpreted by one of us 
(W.G.) blinded to the noninvasive test re- 
sults. Arteries were graded as normal-mild 
(<25% cross-sectional area reduction), 
moderate (25% to 50% cross-sectional area 


reduction), moderate-severe (50% to 75% 
cross-sectional area reduction), severe 
(75% to 99% cross-sectional area reduc- 
tion), or total occlusion based on calibration 
of the vessel and degree of stenosis mea- 
sured in two views. 

Carotid bulb stenoses were graded by 
measurements of residual lumen diameters 
expressed as a ratio of the nondiseased di- 
stal internal carotid artery. Carotid sys- 
tems that could not be calibrated in at least 
two views were judged inadequate for in- 
terpretation. 

A total of 578 carotid arteries were avail- 
able for study. Thirty carotid arteries were 
inadequately visualized by DU. Ten pa- 
tients of the 289 in the study had unilateral 
arteriograms, thus making the contralat- 
eral side unavailable for analysis. Arterio- 
graphy was inadequate in one case of an 
artery also inadequately scanned by DU. 
Hence, 5.2% of DU results were inadequate 
for interpretation. 


RESULTS 
Duplex Ultrasound 


A consecutive series of 538 carotid 
arteries were adequately visualized by 
arteriography and DU. Bilateral OPG 
results were available in all cases. The 
data are depicted graphically in the 
Figure. 

Duplex ultrasound detected disease 
within one category of the arterio- 
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graphic reading with an S+ of 90.3%, 
an S— of 87.9%, an A+ of 88.7%, and 
a «x of 0.75; DU detected arteriograph- 
ically severe disease (greater than 75% 
cross-sectional area reduction) with 
an S+ of 87.3%, an S— of 91.1%, an A+ 
of 90.0%, and ax of 0.77; DU detected 
lesser degrees of carotid atherosclero- 
sis with an S+ of 92.3%, an S— of 
88.3%, and an overall A+ of 89.7%. It 
separated severely stenotic vessels 
from those that were totally occluded 
with an S+ of 78.0%, and S— of 93.7%, 
and an overall A+ of 88.3%. 

Sources of error in determining se- 
vere stenosis by DU are outlined in 
Table 1. Overestimation of severity 
because of dense calcification, acoustic 
shadowing, or perturbation of Doppler 
spectral analysis occurred in four ves- 
sels. Nine vessels were overestimated 
as severe based on elevated Doppler 
peak systolic frequencies (greater than 
8000 Hz), four of which occurred in the 
setting of contralateral severe carotid 
stenosis or occlusion. 

Underestimation of severe carotid 
lesions, documented by arteriography, 
occurred in seven cases. Sources of er- 
ror included (1) cervical carotid lesions 
distal to the ultrasonic field, (2) dense 
calcification producing weak uninter- 
pretable signals on Doppler spectral 
analysis, and (3) external carotid spec- 
trum and image mistaken for internal 
carotid vessels. 


OPG 


Ocular pneumoplethysmography 
detected severe stenosis with an S+ of 
83.7%, and S— of 80.4%, an A+ of 
81.4%, and a x of 0.60. Fourteen of 
these severely stenotic vessels were 
carotid siphon lesions beyond the field 
of DU. 

A retrospective review of all false- 
positive and false-negative results 
showed that 29 of 73 false-positive re- 
sults arose from bilateral positive 
OPG test results. Of this group of 
bilateral positive OPG test results, all 
false-positive vessels arose from oph- 
thalmic systolic pressures that fell on 
or just below Gee’s line of demarcation 
of positivity (mean, 3.9 mm below the 
line; SD, 2.21 mm). 

The assessment of the OPG-Gee in 
detecting bilateral severe carotid le- 
sions is as follows: there were 32 pa- 
tients with bilateral severe carotid le- 
sions documented by arteriography. 
The OPG was bilaterally true-positive 
in 20 patients or 40 arteries. Fourteen 
false-negative results arose from this 
series of bilateral severe stenoses, al- 
though bilateral false-negative OPG 
results occurred in only 2 patients, or 
4 arteries. 
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Type of Error 






cross-sectional area stenosis 
for internal carotid artery 
severity of stenosis 


Inaccessible stenosis 
Interpretor error 


study and subsequent gram 


Table 1.—Sources of Error for Duplex Ultrasound in Judging Severe Stenosis 


Preocclusive stenosis with unobtainable Doppler results mistaken for occlusion 
Unobtainable weak Doppler in normal vessel mistaken for occlusion 6 
Normal Doppler spectral analysis in severe stenosis mistaken for <50% 

Occluded internal carotid artery with external carotid artery spectrum mistaken 


Calcification or fibrous plaque leading to two-category overestimation in 


4 
Elevated peak frequencies in less than severely stenosed vessels 9 
5 
1 


Preocclusive severe stenosis that became occluded between time of duplex 


No. of 
Vessels 





Table 2.—Concordance Between Noninvasive Tests* 


Noninvasive Test Concordance 
for Cervical Carotid Disease 
Carotid arteries in which arteriography 
demonstrated a >=75% cross-sectional 
reduction 
Concordant true-positive 
Concordant false-negative 


Discordant/OPG correct 
Discordant/DU correct 


Carotid arteries in which arteriography 
demonstrated a <75% cross-sectional 
reduction 

Concordant true-negative 


Concordant false-positive 
Discordant/OPG correct 
Discordant/DU correct 





OPG Total No. of 
Interpretation 


Aia RAR Vessels 


* OPG indicates ocular pneumoplethysmography; DU, duplex ultrasound; plus sign, positive for severe steno- 
sis (>75% cross-sectional area); and minus sign, negative or less than severe stenosis. 


Of the 27 false-negative OPG test 
results in our study population, 13 oc- 
curred in patients with unilateral se- 
vere or occluded stenosis on arterio- 
graphy. Hence, only 15 patients of the 
289 studied harbored severe carotid 
lesions of hemodynamic significance 
that went undetected by OPG screen- 
ing alone. 


Concordance of DU and OPG 


Concordant noninvasive test results 
were defined as those cases in which 
DU and OPG were in agreement. Of 
the 27 false-negative OPG test results, 
DU diagnosed severe or occluded ves- 
sels in 23 cases. Hence, only 4 (2.4% ) of 
the 166 vessels proven severe or oc- 
cluded were missed by both noninva- 
sive studies (concordantly false-nega- 
tive). Conversely, only 12 (3.2% ) of the 
372 arteries proven less than severely 
stenosed were misjudged to be severely 
stenosed by both noninvasive tests 
(concordantly false-positive). 

Table 2 shows the numbers and 
types of concordant results obtained. 
Concordance was observed in 416 
(77.3% ) of the 538 arteries studied. Of 
the 122 arteries for which discordant 
noninvasive test results were obtained, 


DU was correct in 84 and OPG correct 
in 38 vessels at the level of the carotid 
bifurcation. Of the 40 arteriographic 
severe bifurcation stenoses for which 
discordant results were obtained, OPG 
was correct in 17 and DU correct in 23 
vessels, but OPG detected an addi- 
tional 14 severe stenoses at the level of 
the carotid siphon. Where there was 
concordance, the noninvasive tests 
predicted the presence or absence of 
hemodynamically severe carotid 
stenosis with an S+ of 96.8%, an S— of 
95.9%, an A+ of 96.2%, anda PPV and 
NPV of 91.0% and 98.6%, respectively. 


COMMENT 


Despite the variety of noninvasive 
tests now available for clinical evalua- 
tion of carotid atherosclerosis, the re- 
liability of these techniques remains 
controversial. Therefore, we prospec- 
tively studied the concordance of high- 
resolution duplex carotid ultrasound 
and OPG-Gee in detecting severe 
stenosis in 289 consecutive patients 
(538 arteries) who received contrast 
arteriography. 

The S+ and S— of the OPG in our 
study were 83.7% and 80.4%, respec- 
tively. Although higher S+, S—, and 
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Table 3.—Correlation of OPG and DU in Detecting Carotid Lesions of Hemodynamic Significance” 


Noninvasive Test Results 


A+ for the OPG have been reported by 
Gee and others,” few centers have 
studied large populations in consecu- 
tive prospective fashion. Hence, our 
results may reflect differences between 
populations studied. In our hospital, 
12.0% of patients undergoing DU un- 
derwent arteriography. In this study 
population, 30.9% of vessels were 
found to have greater than 75% cross- 
sectional area reduction by arterio- 
gram. Since we found a relatively 
higher percentage of false-positive re- 
sults than false-negative ones (78 
false-positive compared with 27 false- 
negative OPG results in 538 vessels), 
study populations with a greater prev- 
alence of severe carotid lesions tend to 
improve the overall A+ of the OPG as 
a screening test. Hence, our study pop- 
ulation and OPG results corroborate 
the retrospective consecutive series re- 
ported by Schwartz et al” and more 
likely reflect the true accuracy of the 
instrument as it is currently used in 
most communities. 

Carotid siphon stenosis was de- 
tected by OPG and documented by ar- 
teriography in 14 vessels. This repre- 
sents 8.4% of severe or occluded ves- 
sels and 2.6% of all vessels studied that 
would routinely be missed by carotid 
ultrasound study. This undoubtedly 
underrepresents the actual presence of 
disease, since not all arch aortograms 
view the siphon area adequately, but 
agrees with Keagy et al, who reported 
severe siphon stenosis in 7.5% of ves- 
sels studied by conventional two-plane 
angiography. 

Duplex ultrasound has been vari- 
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Considerations/Conclusions 
High probability of bilateral severe stenosis of hemodynamic consequence 
High probability of <75% cross-sectional area stenosis bilaterally 
High probability of unilateral severe carotid stenosis of hemodynamic consequence 


Consider (1) inadequate DU scan quality or field of study; (2) if good quality scan, 
either bilateral carotid siphon disease or bilateral false-positive OPG; (3) unilateral 
siphon disease and contralateral false-positive OPG if ophthalmic systolic pressure 
falls within 4 mm of line of demarcation 


Consider unilateral false-positive OPG if ophthalmic systolic pressure on negative DU 
side falls within 4 mm of line of demarcation 


Consider (1) DU overestimation of disease if B-mode image is poor, heavy 
calcification is present, and Doppler peak frequencies are in 6000 to 8000 Hz 
range bilaterally; or (2) bilateral false-negative OPG if B-mode image quality is 
excellent and Doppler peak frequencies exceed 8000 Hz bilaterally 

Consider (1) unilateral fasle-negative DU if poor quality scan limited field or 
possibility of external carotid artery mistaken for internal carotid artery; or (2) 
possible unilateral carotid siphon stenosis 

Consider unilateral false-positive DU due to high Doppler peak frequencies due to 
hyperdynamic flow produced by contralateral severe stenosis or occlusion 





ably reported to have A+ ranging from 
89% to 97% depending on the diagnos- 
tic criteria, study population, and in- 
strument used.***!*? In our series, DU 
detected lesions of hemodynamic sig- 
nificance with S+ of 87.3%, S— of 
91.1%, A+ of 90.0%, PPV of 81.5%, 
NPV of 94.2%, and «x of 0.77. 

The usefulness of combining both 
OPG and DU information in assessing 
carotid atherosclerosis is clear from 
our data. For concordant vessels, there 
was an S+ of 96.8%, and S— of 95.9%, 
and an A+ of 96.2%. However, when 
OPG and DU disagree in the diagnosis 
of severe stenosis, which study is to be 
believed? The best answer to this ques- 
tion lies in an assessment of possible 
sources of error for both tests and un- 
derstanding where each is likely to 
succeed or fail in obtaining the correct 
diagnosis. 

Duplex ultrasound was judged inad- 
equate in 30 carotid arteries or 5.2% of 
vessels studied. Of these, ten cases 
(33.8%) of arteriographically severe 
stenosis were found. Hence, the inade- 
quate series resembled our study pop- 
ulation, of which 30.9% had severe ca- 
rotid disease. Since these 30 studies 
were eliminated from our study group 
prior to angiography, they represent a 
potential source of error or misdiag- 
nosis. 

Both noninvasive tests tended to 
overestimate rather than underesti- 
mate severe disease by angiographic 
criteria. The NPV for DU at 94.2% and 
for OPG at 91.7% were quite good, 
while the PPVs were disappointing for 
both at 81.5% for DU and 65.6% for 





* OPG indicates ocular pneumoplethysmography; DU, duplex ultrasound; plus sign, positive; and minus sign, negative. 


OPG. For DU, the main source of error 
in estimating disease was elevated 
Doppler peak systolic frequencies, 
making the area of stenosis appear 
greater than it was. Doppler spectral 
broadening, dense calcification, and 
acoustic shadowing also contributed to 
overestimating the severity of disease. 
In a number of cases, contralateral se- 
vere or occluded vessels produced ex- 
traordinarily high Doppler peak sys- 
tolic frequencies, leading us to falsely 
conclude that there was severe steno- 
sis not seen on high-resolution B-mode 
imaging. Doppler spectral broadening 
in the setting of calcification and peak 
frequencies of 6000 Hz or less rarely 
indicated hemodynamically severe 
disease 

Seven vessels found to be severe by 
arteriography were judged to be at 
least two categories less than severe by 
DU. In five cases, the lesion was beyond 
the field of study on B-mode imaging. 
However, angiography of these exhib- 
ited a stenosis in three vessels that was 
less than 3 cm above the bifurcation 
and well below the mandible. In two 
cases, a distal stenosis was suspected 
by the ultrasonographer, although no 
lesion was visible on B-mode imaging 
due to damping of the Doppler signal. 
Further hyperextension of the neck 
and back with contralateral rotation 
of the head and elevation of the man- 
dible may prove useful in improving 
field size for this instrument. 

Eleven stenosed vessels judged pre- 
occlusively severe (99%) ‘by arterio- 
graphy had unobtainable Doppler sig- 
nals, and hence were falsely read as 
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occluded by DU. Blood flow may have 
been too low for detection by our 8.0- 
MHz probe in these cases. 

Six vessels that were less than se- 
verely stenosed were mistaken for 
total occlusions due to weak or unob- 
tainable Doppler spectral analysis. 
In each of these cases, the vessels 
were at the limits of the 4-cm depth 
of field for this instrument and in 
retrospect should have been judged 
inadequate studies. 

Duplex ultrasound correctly diag- 
nosed 39 of the 46 arteriographically 
proven total occlusions. The most sig- 
nificant error in this category was 
mistaking a patent external carotid 
artery or its branches for the carotid 
bifurcation. This type of error has been 
described by Zwiebel and Crummy” 
and O’Leary et al.'* Retrospective re- 
view of these cases showed that in 
most instances only one vessel, the ex- 
ternal carotid artery, was well visual- 
ized above the bifurcation. Since the 
external carotid artery in 10 cases took 
on the spectral analysis of an internal 
carotid vessel, accurate diagnosis of 
internal carotid artery occlusion by 
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DU becomes difficult without the use of 
additional noninvasive studies. 

The OPG correctly diagnosed severe 
or occluded vessels by arteriographic 
criteria in 139 (83.7%) of 166 vessels. 
Of the 27 false-negative results, 14 
arose in patients with bilateral severe 
carotid stenoses. While no source of 
error could be determined for these 
false-negative results, it is possible 
that these severe lesions were compen- 
sated by extraordinarily good collat- 
eral circulation. 

Twenty-nine of the 73 false-positive 
OPG test results were generated from 
bilateral positive OPG results. Hence, 
roughly 40% of false-positive results 
were generated from studies with bi- 
lateral positive OPG results. In this 
group, we found that these results fell 
on or within a mean of 3.9 mm below 
Gee’s line of demarcation for positiv- 
ity. This suggests that in unilateral 
severe disease, contralateral oph- 
thalmic systolic pressures may fall to 
become falsely positive by OPG crite- 
ria in some cases, possibly as a mech- 
anism of compensating blood flow to 
the stenotic side. 
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Somatosensory Evoked Potentials 
in Cerebral Palsy After Partial 
Dorsal Root Rhizotomy 


Muktair Kundi, MD; Les Cahan, MD; Arnold Starr, MD 


@ Somatosensory evoked potentials 
(SEPs) were studied in 20 children with 
cerebral palsy and severe lower extremity 
spasticity before and after selective par- 
tial dorsal root rhizotomy of the lumbosa- 
cral cord. The potentials from stimulating 
nerves in the lower extremity were abnor- 
mal in two thirds of the children before 
the operation, whereas the potentials 
were generally normal from upper extrem- 
ity nerves. Dorsal root rhizotomies 
caused an attenuation of nerve root entry 
volleys recorded over the lumbar cord but 
did not change SEPs recorded over the 
cortex. The exception to this was that the 
incidence of abnormal sural nerve SEPs 
decreased postoperatively. Lumbar cord 
functions measured by H-reflexes or by 
tendon jerks were depressed following 
the operation. These results indicate a 
significant degree of abnormality of 
somatosensory transmission from the 
lower extremity in a group of cerebral 
palsied children with severe spasticity. 
Moreover, selective sectioning of approx- 
imately 50% of the dorsal root fibers in 
the lumbosacral cord had little influence 
on cortical evoked potentials. 

(Arch Neurol 1989;46:524-527) 


Spastic diplegia, one form of cerebral 

palsy, has been attributed to 
lesions involving the motor pathways 
in the cerebral hemisphere’ without 
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having clinical signs of an accompany- 
ing involvement of the nearby sensory 
pathways. Somatosensory evoked po- 
tentials (SEPs), which provide an 
objective noninvasive way to test the 
integrity of these sensory pathways, 
have not been studied systematically 
in this group of patients. 

We have had the opportunity to 
study SEPs in a group of cerebral 
palsied patients with severe spastic 
diplegia before and after partial selec- 
tive sectioning of the dorsal roots in 
the lumbosacral region. The nerves 
that were stimulated to evoke SEPs 
arose in the lower extremities and 
passed to the lumbosacral cord 
through the roots that were to be 
partially sectioned. Quantification 
was made of the potentials evoked 
from the dorsal roots and spinal cord 
in the lumbar region and over the 
somatosensory cortex in the midline 
scalp. The effects of the rhizotomy on 
spinal cord monosynaptic reflexes 
were also determined. Surprisingly, 
we found a significant number of 
these patients had abnormal SEPs 
before the operation, a result that was 
not anticipated. We report on these 
findings and the modifications of 
SEPs and monosynaptic reflexes that 
follow partial selective dorsal root 
rhizotomies. 


PATIENTS AND METHODS 


We studied 20 children with spastic 
diplegia without dystonia before and after 
partial lumbar rhizotomy. Their ages 
ranged from 2% to 9% years. There were 
nine girls and 11 boys; four had been 
full-term infants and 16 had been born 
prematurely. Selective posterior rhizotomy 


was performed as described by Fasano et 
al? and modified by Peacock and Arens.’ 
Using general anesthesia, a laminectomy 
was performed from L-2 to the upper 
sacrum. After opening the dura mater, the 
dorsal roots were examined with an oper- 
ating microscope, separated from the ven- 
tral root, and divided into rootlets. Usually 
four to ten rootlets were dissected and 
identified in each root. Each rootlet was 
placed over a bipolar stimulating electrode 
and the threshold current for eliciting a 
movement of the leg identified using single 
pulses of 0.3-ms duration. Repetitive stim- 
uli at this threshold at a rate of 50/s were 
then applied and the motor responses 
observed and classified as a contraction 
that was restricted to the appropriate 
myotome of the stimulated leg and was 
brief in duration, or a contraction that was 
sustained and spread to other myotomes of 
the same or even the opposite leg. The 
rootlets giving rise to the latter responses 
were sectioned. Approximately 50% of the 
dorsal nerve rootlets from L-2 to S-1 were 
sectioned bilaterally in these patients. 

Somatosensory evoked potentials were 
recorded from stimulation of peripheral 
nerves in the legs (posterior tibial at the 
ankle, peroneal at the knee, and sural at 
the ankle) and the median nerve at the 
wrist in the arms. The nerves on each side 
of the body were tested in sequence. In 
addition, H-reflexes and F waves were 
tested in eight of the patients. 

The children were sedated with chloral 
hydrate (50 mg/kg orally). The nerve to be 
studied was stimulated percutaneously 
with bipolar electrodes (separation of 2.5 
cm) at 4.8/s with a 300-us square-wave 
pulse at an intensity sufficient to cause 
minimal contraction of the muscles inner- 
vated by that nerve. In the case of the sural 
nerve, the intensity was raised to the 
patient’s tolerance but not more than 15 
mA. 

Scalp recordings were made by placing 
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Fig 1.— Somatosensory evoked potentials from stimulating posterior tibial nerve in subjects with 
cerebral palsy and severe spasticity. Lumbar root entry volleys are to left of each cortical tracing. 
Patients have been divided into two groups, normal and abnormal. Note that abnormality is 
restricted to cortical potentials and consists of their absence or marked delay of initial vertex 
positive component occurring at approximately 40 ms. This component is marked by filled circle 
above traces. Traces represent sum of three separate averages of 200 to 600 trials each. 


Preoperative 


—_—_—_ earvrh_. 
Abnormal Tests 


No. of 
Nerves Tested 


Lower extremity 


Sural 14 (38) 
11 (29) 
8 (27) 
Sum 33 (31) 


Posterior tibial 
Percneal 


Upper extremity 
Median 


* SEP indicates somatosensory evoked potential. 


tP < .05 compared with preoperative values. 
P < .05 compared with lower extremity sum. 


electrodes over C,, C,, and C, referenced to 
F» for lower extremity stimulation and G,’ 
and C,” referenced to F,, for upper extrem- 
ity stimulation. In addition, the ascending 
volleys for the posterior tibial nerve were 
recorded between surface electrodes over 
L-1 referenced to L-5. For the upper 
extremities, recordings were made be- 
tween electrodes over the ipsilateral Erb’s 
point referenced to F,, and C-7 referenced 
to C-1, and C3’ or C4’ referenced to F,,. 
The potentials were amplified and fil- 
tered between 5 and 500 Hz for the lower 
extremity and between 30 and 1500 Hz for 
the upper extremity. A total of approxi- 
mately 200 to 600 stimuli composed each 
average and up to three averages were 
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Postoperative 
————  —>s—sssss$5 en, 
No. of Abnormal Tests 
Nerves Tested (%) 


5 (14)t 
10 (26) 

8 (27) 
23 (22) 





3 (11)# 2 (7)4 


made to stimulation of each nerve. 

The H reflex was obtained by stimulat- 
ing the posterior tibial nerve behind the 
knee while recording the surface electro- 
myogram from the calf. The maximum H 
and M responses (H,,,, and Mma) were 
obtained and the H,,,,/M,,,. ratio calcu- 
lated. 

The F wave was obtained by stimulation 
of the posterior tibial and peroneal nerves 
with a supramaximal current at a 0.5-Hz 
rate for 16 trials. The amplitude of the F 
waves obtained on these trials was defined 
and the mean calculated. 

The latency of the components of the 
SEPs was defined at the peak of the com- 
ponent of interest. For the potentials 


evoked by stimulation of lower extremity 
nerves, P40 latency was derived from 
either C, or the ipsilateral parasagittal 
electrode site. For the lumbar potentials, 
both the latency and amplitude (defined as 
the peak-to-peak value of the negative 
component [N22] to the following positivi- 
ty) was made. For the potentials evoked by 
stimulating the nerves in the upper 


- extremity, latency was defined by the peak 


value of the initial negative components 
(N8-10 at Erb’s point, N14-20 at the cor- 
tex). These measures were made from the 
grand average of the two to three separate 
averages collected for each nerve tested. 
The evoked potentials were classified as 
abnormal if the cortical components (P40 
from the lower extremities or N19 from the 
upper extremities) were absent (no repro- 
ducible component on two of the three 
replications) or if the latency of the corti- 
cal components from the lower extremity 
had been greater than 50 ms (see Zhu et al‘ 
for normal values) and more than 25 ms 
for the upper extremity. We used x? to test 
the significance of the effects of dorsal 
rhizotomy on these measures of evoked 
potentials. 


RESULTS 
Preoperative 


Only five of the 16 patients tested. 


with SEPs from all six lower extremi- 
ty nerves were normal. The frequency 
of abnormality in the 11 affected 
patients involved one or two nerves in 
seven patients and four or more 
nerves in four patients (see Fig 1 for 
examples of normal and abnormal 
SEPs from posterior tibial nerve 
stimulation). Data from these 16 
patients, when combined with those 
derived from the other four patients 
who had fewer than six nerves tested, 
showed that the probability of defin- 
ing an abnormal SEP was slightly 
greater with sural nerve (14/37 
instances [38% ]) compared with pos- 
terior tibial and peroneal nerve (11/38 
[29%], and 8/30 [27%], respectively; 
Table 1). The abnormality of the corti- 
cal components of the SEP occurred 
even though lumbar nerve root poten- 
tials were usually present and of nor- 
mal latency. Thus, in children with 
spasticity and the diagnosis of cere- 
bral palsy, the probability of detecting 
abnormalities of the P40 component 
of cortical SEPs from stimulating 
nerves in the lower extremities was 
approximately 30%. 

We examined median nerve SEPs in 
14 of these patients to ascertain 
whether the deficit of somatosensory 
processing was widespread or was 
restricted to the input from the lower 
extremities. Eight of the nine patients 
with abnormal posterior tibial SEPs 
had normal median SEPs. Further- 
more, of the 28 median nerves tested, 
only three were abnormal. Thus, in 
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Table 2.—Spinal Root Volley: Incidence of Detection and Amplitude * 


Preoperative Postoperative 


Detection * 
Sural 37 (81) 36 (39) 
Posterior tibial 36 (100) 33 (88) 
Peroneal 32 (69) 28 (25) 
Sum 105 (84) 97 (52)t 
Amplitude 
Sural 0.99 + 0.39 0.87 + 0.54 
Posterior tibial 2.t4 + 1.28 0.78 + 0.42t 
Peroneal 1.44 + 0.67 0.74 + 0.56f 









* Detection values are number of nerves tested (percentage of nerves tested showing a spinal root volley). 
Amplitude values are mean + SD. 
tP < .05 compared with preoperative values. 


this group of patients, the incidence of 
abnormal SEPs is significantly great- 
er from stimulation of nerves in the 
lower extremity than from stimula- 
tion of nerves in the upper extremity 
(Table 1; P < .05). 


Postoperative 


The probability of detecting the 
nerve root volley over the lumbar 
region from stimulating the lower 
extremity nerves was reduced follow- 
ing the operation to 52% compared 
with the 84% preoperative detection 
rate (Table 2; P < .05). The effect was 
most striking with sural and peroneal 
nerves. When the lumbar volley was 
present postoperatively, its latency 
was normal. However, the amplitude 
of the remaining lumbar volleys to 
posterior tibial and peroneal nerve 
stimulation was clearly attenuated 
compared with preoperative values, 
whereas the lumbar volleys to sural 
nerve stimulation were essentially 
unchanged (Table 2). Thus, sectioning 
of approximately 50% of the dorsal 
roots L-2 to S-1 was accompanied by 
(1) a decrease in the probability of 
detecting a lumbar root volley from 
stimulating the posterior tibial, pero- 
neal, and sural nerves, whereas (2) an 
attenuation in the amplitude of the 
remaining volleys was detected only 
with posterior tibial and peroneal 
nerve stimulation. 

The overall incidence of abnormali- 
ty of the cortical evoked potentials 
was not significantly reduced follow- 
ing the operation: from 33 (31%) of 
the 105 nerves tested preoperatively 
to 23 (22%) of the 105 nerves tested 
postoperatively. However, when the 
data from each nerve were analyzed 
separately, the SEPs from the sural 
nerve showed a significant normaliza- 
tion following the operation, changing 
from a 38% incidence of abnormality 
preoperatively to a 13% incidence 
postoperatively. The frequency of 
abnormal SEPs from stimulating pos- 
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terior tibial or peroneal nerve was 
essentially unchanged by the opera- 
tive procedure (Table 1). Evoked 
potentials to median nerve were 
changed postoperatively in only one of 
28 nerves tested. 


H and F Responses 


There were eight patients tested 
preoperatively and postoperatively. 
All had an H reflex preoperatively, 
with the ratio of Hma/Mma Varying 
from 10% to 70%. Postoperatively, 
the H-reflex became unobtainable in 
five of these patients, with the other 
three showing shifts of the ratio, two 
a decrease and one an increase (Fig 2). 
F wave amplitudes for the 11 patients 
tested for peroneal and posterior tibi- 
al nerves did not show any consistent 
pattern as a result of the operation. 

In summary, these patients with 
cerebral palsy and severe spasticity 
show a 31% incidence of abnormality 
of cortical somatosensory potentials 
evoked from stimulating mixed and 
sensory nerves from the lower 
extremities, whereas the cortical 
SEPs to median nerve stimulation 
were only occasionally (11%) abnor- 
mal. The discrepancy between the 
SEPs evoked by stimulating upper 
and lower limbs in these patients 
reveals a deficit of sensory processing 
predominantly affecting the lower 
extremities. The sensory processing 
deficit is within the central somato- 
sensory pathways, since nerve root 
volleys recorded over the lumbar cord 
were normal in these patients. 


COMMENT 


The results of this study define an 
abnormality of cortical SEPs from 
stimulating nerves in the lower 
extremities in children with spasticity 
and the clinical diagnosis of cerebral 
palsy. Two thirds of the patients had 
an abnormal SEP from stimulating 
one or more of the lower extremity 
nerves. Moreover, abnormal SEPs 
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Fig 2.—Change in H reflexes as result of 
partial dorsal root rhizotomy in eight patients. 
Note loss or marked attenuation of H reflex 
postoperatively in seven of eight patients. Hmax 
and Mma indicate maximum H and M 
responses; solid bars, preoperative values; 
and hatched bars, postoperative values. 


were obtained from approximately 
one third of the nerves tested. We had 
the impression that the likelihood of 
defining abnormalities of SEPs was 
greater with the older compared with 
the younger subjects. We believe that 
this high incidence of abnormality of 
SEPs from the lower extremities in 
patients with cerebral palsy has not 
received attention before the present 
observation. The patients in our study 
group were highly selected from 
among those children carrying the 
diagnosis of cerebral palsy because of 
their severe lower extremity spastici- 
ty requiring a surgical procedure on 
their posterior spinal roots from L-2 
to S-1 to improve their gait. It is likely 
that the neuropathological basis for 
their severe spasticity also accounts 
for the abnormality of SEPs obtained 
from stimulating nerves in the lower 
extremities. 

We also examined median nerve 
SEPs in 14 of these patients to define 
how generalized was the abnormality 
of somatosensory function. We found 
that the SEPs from the upper extrem- 
ity median nerve was normal in all 
but a few instances. Thus, the results 
suggest two major alternatives: (1) 
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the locus of the somatosensory disor- 
der is in the spinal cord below the 
cervical region, thus affecting only 
the ascending pathways from the legs; 
or (2) there is a selective involvement 
of the lower extremity somatosensory 
pathways in the cerebral hemi- 
spheres. A distinction between these 
two alternatives might be made by 
defining whether the potentials over 
the cervical cord to stimulation of the 
lower extremity nerves were normal 
or abnormal. The finding of abnormal 
potentials would favor a spinal cord 
site as the basis for the selective 
abnormality of lower extremity SEPs 
in these children. A cerebral site for 
the lesion producing spasticity was 
proposed by Little, who asserted that, 
in this condition, there was a particu- 
lar involvement of the fibers in the 
periventricular region controlling the 
lower extremities. The results from 
the present study can exclude the 
peripheral nerve as a source of abnor- 
mality contributing to the SEP find- 
ings, since the latency and amplitude 
of the spinal root and lumbar cord 
volleys were within normal limits for 
these patients. 

It came as a surprise that there 
were so few changes in the cortical 
SEPs following sectioning of approxi- 
mately 50% of the dorsal root fibers 
from L-2 to S-1 bilaterally. In con- 
trast, the potentials representing the 
entering dorsal root volleys recorded 
from over the low back were affected 
with both the probability of their 
detection and their amplitudes being 
diminished. The only significant 
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change in cortical SEPs following the 
operation was to sural nerve stimula- 
tion, with the incidence of abnormali- 
ty being reduced from 33% preopera- 
tively to 18% postoperatively. One 
mechanism that might account for the 
postoperative improvement of sural 
nerve SEPs is based on a change in 
the interaction between the various 
somatosensory inputs in the spinal 
cord.® The selective character of the 
rhizotomy could have affected the bal- 
ance between the different types of 
sensory inputs, thereby altering the 
types of interaction taking place in 
the cord and the resulting SEPs. This 
suggestion is supported in part by the 
clear evidence that the rhizotomy pro- 
duced an impairment of muscle spin- 
dle afferent input (loss of H-reflexes 
and depression of deep tendon re- 
flexes) without clinical evidence of 
altered cutaneous sensibility. 

The remarkable preservation of 
cortical SEPs following section of the 
dorsal rootlets supports prior clinical 
observations’ of the preservation of 
cortical SEPs even after considerable 
damage to peripheral nerves. The 
results from the present study provide 
a quantitative definition of this phe- 
nomenon such that with even 50% of 
the dorsal root fibers sectioned over 
several segments, cortical SEPs are 
little affected. 

There were changes of spinal cord 
function following the rhizotomies as 
evidenced by the loss or diminution of 
H-reflexes in most of the patients 
tested. Clinically, these patients also 
showed a reduction in tendon reflexes 
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in the lower extremities, and they 
were deemed to be less spastic postop- 
eratively. F-wave analysis, which 
measures changes in motor neuron 
pool excitability, were too variable to 
allow definition of significant postop- 
erative changes.’ It may be of interest, 
in future cases, to assess the long-loop 
reflexes as a way of measuring the 
effects of the operation on their spas- 
ticity. 
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from this study is that there can be a 
marked reduction in the number of 
axons conveying sensory input 
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experience, are normal. A measure of 
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stimulation of the whole nerve by 
electrical means obviously has limits 
in assessing such lesions, and alterna- 
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of peripheral nerves are quite sensi- 
tive for revealing lesions of the cen- 
tral pathways, as evidenced in this 
group of patients without sensory 
complaints but with clear evidence of 
altered somatosensory transmission. 
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Faculty Positions 


The Department of Neurology of the 
University of lowa College of Med- 
icine is actively recruiting for new 
faculty. A research background is 
essential. Appointees are expected 
to conduct an active program of 
neuroscientific investigation. Re- 
sponsibilities include neurologic pa- 
tient care and teaching of medical 
students and residents. All faculty 
serve in full-time status. The Uni- 
versity of lowa is an Affirmative 
Action/Equal Opportunity Employer. 
Women and minorities are encour- 
aged to apply. 


Contact Antonio R. Damasio, MD, 
PhD, Professor and Head, Depart- 
ment of Neurology, University of lo- 
wa, lowa City, lowa 52242. 


The Department of Neurology of 
Loyola University of Chicago Stritch 
School of Medicine invites applica- 
tions for a position at the Assistant 
Professor level. Applicants should 
be board eligible or board certified 
in Neurology and should have sub- 
specialty expertise in clinical neu- 
rophysiology or cerebrovascular 
diseases. Preference will be given 
to candidates with interest in clini- 
cal research. Loyola University is 
an equal opportunity affirmative 
action employer. Interested appli- 
cants should send their curriculum 
vitae to: 


G. G. Celesia, M.D., Chairman 
Department of Neurology 
Loyola University of Chicago 
2160 S. First Avenue 
Chicago, IL 60153 


Neurologist 


BC/BE neurologist to join BC 
neurologist in busy multi- 
Specialty group practice. 
Excellent professional, financial 
and life-style opportunity in 
the beautiful Lakes Region 

of central New Hampshire. 
EEG/EMG/EP training necessary. 


Reply and CV to: 
Thomas N. Ward, M.D. 
Laconia Clinic 
724 Main Street 
Laconia, NH 03246 





Brain-Stem Tuberculoma 


An Analysis of 11 Patients 


Oscar Talamas, MD; Oscar H. Del Brutto, MD; Guillermo Garcia-Ramos, MD 


è The clinical and radiologic findings in 
11 patients with brain-stem tuberculoma 
were reviewed. Clinical manifestations in- 
cluded various combinations of focal signs 
and symptoms of subacute onset, similar 
to those produced by other space-occu- 
pying lesions of the brain stem. Evidence 
of systemic tuberculosis was found in six 
cases (55%). Computed tomography (CT) 
usually showed an isodense or hyper- 
dense brain-stem mass with abnormal con- 
trast enhancement; associated supraten- 
torial granulomas were found in four 
cases, and hydrocephalus was found in 
two cases. Magnetic resonance imaging 
showed irregular brain-stem lesions with 
long T, and short T, relaxation times. 
Cerebrospinal fluid findings were also 
nonspecific, as smears for acid-fast bacilli 
were most often negative. An incorrect di- 
agnosis of pontine glioma was made in one 
patient. In contrast, proper integration of 
data from CT and magnetic resonance im- 
aging findings, cerebrospinal fluid analy- 
sis, and x-ray films of the chest permitted 
an accurate diagnosis in ten cases. 
Prompt therapy with antituberculous 
drugs resulted in clinical improvement, 
documented by CT, in most patients. 
Brain-stem tuberculoma should be sus- 
pected in patients with space-occupying 
lesions of the brain stem who live in geo- 
graphic areas where tuberculosis is en- 
demic. Early diagnosis and prompt medi- 
cal therapy are important in preventing 
mortality and reducing morbidity. 

(Arch Neurol. 1989;46:592-535) 


Accepted for publication Aug 1, 1988. 

From the Division de Neurologia, Instituto Na- 
cional de Neurologia y Neurocirugia, Mexico City. 
Dr Del Brutto is now with Hospital General Luis 
Vernaza, Guayaquil, Ecuador. 

Reprint requests to Instituto Nacional de Neu- 
rologia y Neurocirugia, Insurgentes Sur 3877, 
14410 Mexico 22, DF (Dr Garcia-Ramos). 
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ntracranial tuberculoma is a rather 
common neurologic disorder in 
many areas of the world that results 
from hematogenous spread of a dis- 
tant focus of tuberculosis infection.!” 
These lesions are usually located in the 
cerebral or cerebellar hemispheres due 
to the high blood supply to these areas; 
an uncommon location is the brain 
stem. Brain-stem tuberculomas have 
received little attention in the litera- 
ture, and available information has 
been derived from isolated case 
reports*"’ or small series that have 
dealt primarily with their radiologic 
aspects.” We report 11 cases of brain- 
stem tuberculoma to outline the clini- 
cal features; the computed tomogra- 
phy (CT), magnetic resonance imaging 
(MRI), and cerebrospinal fluid (CSF) 
findings; the management; and the 
outcome of these patients. 


PATIENTS AND METHODS 


Eleven cases of brain-stem tuberculoma 
were seen at the Instituto Nacional de Neu- 
rologia y Neurocirugia de México, Mexico 
City, between 1976 and 1987. Direct histo- 
logic confirmation was available in one pa- 
tient. In the remaining cases, the diagnosis 
was made on the basis of clinical presenta- 
tion, CSF analysis, CT or MRI findings, and 
response to antituberculous therapy. Med- 
ical records and neurodiagnostic studies of 
these patients were reviewed and analyzed. 


RESULTS 
Clinical Presentation 


Results are summarized in the Ta- 
ble. The patients were five men and 
six women whose ages ranged from 
14 to 53 years (mean age, 33 years). 
No patient had a history of active 
tuberculosis, and only three patients 
had evidence of exposure to the dis- 
ease (Table, Nos. 3, 9, and 10). Symp- 


toms evolved during one week to 
three months in all but one patient 
who had a progressive course 
throughout 18 months. Headache, 
diplopia, dysphagia, and limb weak- 
ness were the most common com- 
plaints. Fever and malaise accompa- 
nied neurologic symptoms in four pa- 
tients (Table, Nos. 2, 4, 6, and 11). At 
admission to the hospital, three pa- 
tients were somnolent, and eight 
were alert. Papilledema was noted in 
three patients, and signs of 
meningeal irritation were noted in 
one patient. In addition, all patients 
presented with various combinations 
of focal neurologic signs that com- 
prised cranial nerve dysfunction, mo- 
tor or sensory deficits, and cerebellar 
ataxia. 

Oculomotor abnormalities were the 
most frequently observed focal signs; 
these included sixth nerve palsy in five 
patients, third nerve palsy in three, 
vertical gaze dysfunction in two, and 
internuclear ophthalmoplegia with ip- 
silateral gaze palsy (the one-and-a- 
half syndrome) in one. Motor involve- 
ment of varying degrees was seen in 
nine patients; seven patients had 
hemiparesis contralateral to the 
brain-stem lesion, and two patients 
with extensive lesions had quadripare- 
sis. Three patients had ataxia of the 
cerebellar type; in one of these patients 
there was an associated motor deficit 
in the same side of the body, yet, the 
ataxia was out of proportion to the 
weakness (ataxic hemiparesis). 


Systemic Tuberculosis 


Evidence of tuberculosis outside the 
central nervous system was found in 
six cases (55%). X-ray films of the 
chest showed a miliary pattern of tu- 
berculosis in three patients and a pleu- 
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ral effusion in one patient; a pleural 
biopsy specimen in the latter patient 
revealed a chronic granulomatous pro- 
cess. In one patient, evidence of sys- 
temic infection was obtained after re- 
covering acid-fast bacilli from urine, 
while in another patient (Table, No. 1), 
postmortem examination revealed tu- 
berculosis of the lungs, uterus, and 
fallopian tubes. 


Neurodiagnostic Studies 


Computed tomographic scans 
showed a brain-stem lesion that cor- 
related closely with the neurologic 
manifestations in every patient. Asso- 
ciated CT findings included supraten- 
torial tuberculous granulomas in four 
cases and obstructive hydrocephalus 
in two. Brain-stem lesions were con- 
fined to the pons in four patients and to 
the midbrain in four; in the remaining 
patients, the lesions contained more 
than one area of the brain stem (mid- 
brain and pons in two patients, and 
pons and medulla oblongata in one). 
The appearance of brain-stem tuber- 
culoma was varied. On plain CT scans, 
lesions were isodense in seven cases, 
hypodense in two, and hyperdense in 
two. After injection of contrast mate- 
rial, two patterns of enhancement 
were identified: (1) ringlike in six cases 
and (2) nodular in five; the nodular 
pattern of enhancement was homoge- 
neous in three patients and heteroge- 
neous in two. 

Angiography, performed in ten pa- 
tients, showed an avascular brain- 
stem mass in six and segmental nar- 
rowing of the vertebral artery in one. 
Three patients (Table, Nos. 8, 10, and 
11) were studied with MRI that showed 
a brain-stem lesion with prolongation 
of the T, relaxation time in every case. 
On the T,-weighted sequences, the cen- 
ter of the lesion remained hypointense, 
while the periphery became hyperin- 
tense to the brain parenchyma due to 
surrounding edema (Fig 1). There was 
evidence of exophytic growth into the 
pontine cistern in one patient; this 
could be viewed better with MRI than 
with CT (Fig 2). 

Nonspecific abnormalities in the 
CSF formula were detected in seven of 
11 cases. Four patients had isolated 
protein elevation, two had protein ele- 
vation with pleocytosis, and one had 
isolated pleocytosis. Glucose levels 
were always within the normal range. 
Pleocytosis was mainly lymphocytic 
and ranged from 22X10°/L to 
341 X 10°/L cells. Protein elevation did 
not exceed 1.50 g/L in any case. In only 
one of eight patients, the CSF smear 
was positive for acid-fast bacilli. 
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Patient/Sex/ 
Age, y 
1/F/24 


Evolution 
3 mo 


Neurological 
Presentation Film 


Headache, bilateral 6th and 


Chest 
X-ray 
CSF Findings 


Normal Proteins, 0.86 g/L 


7th nerve palsy, L-sided 
Horner's Sd, R hemiparesis, 
R-sided sensory impairment 


2/F/28 18 mo 


Somnolence, bilateral 3rd 


Normal Normal 


nerve palsy, dysarthria, 
dysphagia, quadriparesis 


3/F/20 6 wk 


Diplopia, R 3rd nerve palsy, 


Normal Proteins, 0.72 g/L 


L-sided rubral tremor, 


L hemiparesis 


4/F/21 2mo 


Headache, R 6th and 7th 


Miliary TB Proteins, 1.22 g/L 


nerve palsy, dysphagia, 
quadriparesis, L-sided 
sensory impairment 


5/M/14 5 wk 


Diplopia, papilledema, R 
3rd nerve palsy, dysarthria, 


WBCs, 341 X 10°/L; 
proteins, 0.70 g/L 


Normal 


L hemiparesis, L-sided 


ataxia 


6/M/34 6 wk 


Headache, somnolence, 


Miliary TB Normal 


bilateral 6th nerve palsy, 
L hemiparesis, L-sided 
sensory impairment 


7/F/46 1 mo 


Dizziness; vomiting; L 6th, 


Normal Normal 


7th, and 8th nerve dysfunction; 
R-sided sensory impairment 


8/F/50 3 wk 


Headache, papilledema, 


Normal Proteins, 0.55 g/L 


Parinaud’s Sd, dysphagia, 
bilateral 6th nerve palsy, 


L hemiparesis 
9/M/48 1 wk 


R hemiparesis 


10/M/53 2mo 


bilateral ataxia 


11/M/28 1 mo 


Somnolence, papilledema, 
convergence spasm, 


Dizziness, vomiting, 
one-and-a-half Sd, 
R 7th nerve palsy, 


Headache, vomiting, 


WBCs, 28 X 10°/L; 
proteins, 0.96 g/L 


Normal 


Pleural Normal 


effusion 


Miliary TB WBCs, 22 X 10®/L 


dysphagia, L-sided Horner's 
Sd, L 6th and 7th nerve palsy, 
R hemiparesis, L-sided 
ataxia, neck stiffness 


Therapy and Outcome 


One patient (Table, No. 1) under- 
went a surgical biopsy of the brain- 
stem lesion because of a probable di- 
agnosis of pontine glioma; the patient 
died 36 hours after surgery, and post- 
mortem examination revealed a large 
pontomedullary tuberculoma (Fig 3). 
In another patient (Table, No. 3), a 
brain-stem abscess was suspected on 
the basis of clinical presentation and 
CT findings, and antibiotics were 
started without clinical response; one 
month later, the correct diagnosis was 
assumed, and antituberculous therapy 
was started for this patient. In the re- 
maining nine patients, antitubercu- 
lous drugs were started within seven 
days of admission. The following ther- 
apeutic regimen was administered: 
isoniazid, 5 to 7 mg/kg/d, and ri- 
fampin, 10 to 15 mg/kg/d, plus etham- 
butol hydrochloride, 15 to 20 mg/kg/d, 
and/or streptomycin sulfate, 15 to 20 


mg/kg/d. Pyridoxine in a dose of 100 
mg/d was added to this regimen in ev- 
ery case. A two-week course of dexa- 
methasone (4 mg intravenously every 
six hours) was given to one patient 
(Table, No. 8). In one of two patients 
with hydrocephalus, a ventriculoperi- 
toneal shunt was placed, while in the 
other patient (Table, No. 9), hydro- 
cephalus spontaneously resolved when 
the brain-stem lesion decreased in size 
as a result of antituberculous therapy. 

Clinical improvement occurred one 
to eight weeks after the initiation of 
therapy in nine of ten patients; this 
was followed by a reduction in the size 
of the brain-stem lesion in control CT 
scans (Fig 4). The other patient did not 
experience clinical improvement de- 
spite a one-year course of antitubercu- 
lous therapy and complete resolution 
of the brain-stem lesion in control CT 
scans; this was the patient with the 
longest evolutive course before admis- 
sion (Table, No. 2). 
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Findings in 11 Patients With Brain-stem Tuberculoma * 


AFB Follow- 
Smear CT Findings Treatment up 
Isodense pontine and medullary lesion, 
heterogeneous enhancement after CMA, 
R-sided frontal granuloma 
CSF, positive Isodense midbrain lesion, homogeneous Isoniazid, rifampin, 18 mo 
enhancement after CMA, thalamic ethambutol 
granuloma 
Isodense midbrain lesion, ring enhancement Isoniazid, rifampin, 4y 
after CMA ethambutol 
Isodense pontine lesion, ring enhancement Isoniazid, rifampin, 7 mo 
after CMA streptomycin 
Negative lsodense midbrain lesion, ring enhancement Isoniazid, rifampin, 4y 
after CMA, hydrocephalus; L-sided ethambutol 
parietal granuloma 
Negative Hypodense pontine and midbrain lesion, ring Isoniazid, rifampin, 3y 
enhancement after CMA ethambutol, 
streptomycin 
Negative Hyperdense pontine lesion, homogeneous Isoniazid, rifampin, 14 mo 
enhancement after CMA, L-sided ethambutol 
parietal granuloma 
Negative Hypodense pontine and midbrain lesion, Isoniazid, rifampin, 3 mo 
heterogeneous enhancement after CMA streptomycin 
Urine, positive Hyperdense midbrain lesion, homogeneous Isoniazid, rifampin, 2 mo 
enhancement after CMA, hydrocephalus ethambutol 
Negative Isodense pontine lesion, ring enhancement Isoniazid, rifampin, 4mo 
after CMA ethambutol 
Negative lsodense pontine lesion, ring enhancement Isoniazid, rifampin, 4 mo 
after CMA ethambutol 


Outcome 
Biopsy of lesion, died 36 h after surgery 


No clinical improvement, disappearance of 
lesion in CT 


L hemiparesis, L-sided rubral tremor, 
disappearance of lesion in CT 


Mild L arm weakness, reduction of lesion 


in CT 


Asymptomatic, disappearance of lesion in CT 


Asymptomatic, reduction of lesion in CT 


Diplopia; R-sided sensory impairment, 
reduction of lesion in CT 


Initial improvement, died after discontinuing 
anti-TB therapy. 


Asymptomatic, reduction of lesion in CT 


Diplopia, R-sided 7th nerve palsy, reduction 
of lesion in CT 


Initial improvement, sudden deterioration 
after paradoxical expansion of pontine 
tuberculoma, died of aspiration pneumonia 


* CSF indicates cerebrospinal fluid; AFB, acid-fast bacilli; CT, computed tomography; CMA, contrast medium administration; Sd, syndrome; TB, tuberculosis; and WBCs, 


white blood cells. 


One of the patients who showed an 
initial improvement to treatment ex- 
perienced a sudden deterioration in 
neurologic status during the second 
week of antituberculous therapy. Re- 
peated MRI showed an increase in the 
size of the brain-stem lesion and a hy- 
perintense area in the T,-weighted im- 
age suggestive of bleeding within the 
brain-stem tuberculoma (Fig 5). The 
patient was treated with dexametha- 
sone and mannitol with clinical im- 
provement; however, he was dis- 
charged with a persistence of neuro- 
logic signs related to the pontine 
bleeding. While at home, he discontin- 
ued the use of antituberculous drugs 
and experienced further deterioration. 
He was readmitted to the hospital two 
months after discharge with a severe 
aspiration pneumonia, and he died a 
few days later. 

Seven of the eight remaining pa- 
tients responded to treatment without 
adverse reactions and maintained such 
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remission during the follow-up period 
(Table). The other patient (Table, No. 
8) experienced a clinical relapse and 
died one month after antituberculous 
drugs were discontinued by the pa- 
tient’s decision. At the end of the fol- 
low-up, three of seven patients were 
asymptomatic with normal results 
found in their neurologic examina- 
tions; the other four patients showed 
minor sequelae but were able to assist 
themselves in daily activities. Control 
CT scans showed a reduction in the size 
of the brain-stem lesion in five patients 
and complete disappearance in two. 


COMMENT 


Brain-stem tuberculoma has been 
considered to be rare even in countries 
where tuberculomas account for 10% 
to 30% of all intracranial masses.!?"!8 
The incidence of brain-stem lesions 
has ranged from 2.5% to 8% in large 
series of patients with intracranial 
tuberculomas'*!”'*°; such series ap- 


peared before the introduction of mod- 
ern neuroimaging techniques, and 
therefore, the infrequency of brain- 
stem tuberculoma could be related to a 
diagnostic oversight. At our institu- 
tion, 39 cases of intracranial tubercu- 
loma have been recognized since the 
introduction of CT in 1976 (O.T., un- 
published data, 1988), so that our 11 
cases of brain-stem tuberculoma re- 
ported herein account for up to 28% of 
these lesions. 

Clinical manifestations of brain- 
stem tuberculoma are so varied that 
recognition of a typical syndrome is 
not possible. This pleomorphism is 
mainly related to individual differ- 
ences in the size and topography of the 
lesion.*"” In our series, every patient 
exhibited a variable constellation of 
focal brain-stem signs. Among these, 
oculomotor palsies predominated, par- 
ticularly isolated dysfunction of the 
third and sixth cranial nerves. One 
patient had the “one-and-a-half 
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syndrome,” a condition not previously 
described in the setting of brain-stem 
tuberculoma.” 

Motor deficits were noticed in nine 
patients whose lesions involved the 
ventral portions of the brain stem, ei- 
ther the cerebral peduncle or the basis 
pontis. Limb ataxia from dysfunction 
of afferent or efferent cerebellar con- 
nections was seen in three patients. In 
one of these patients, pyramidal, as 
well as cerebellar, signs occurred ipsi- 
laterally as a result of a midbrain 
lesion that comprised both the cere- 
bral peduncle and the ipsilateral red 
nucleus. This syndrome, named ataxic 
hemiparesis by Fisher,” has been as- 
sociated with vascular,” neoplastic,” 
or parasitic’ diseases of the brain 
stem, but to our knowledge, it has not 
been reported in patients with brain- 
stem tuberculoma. Somnolence was 
noticed in three patients whose lesions 
involved the midbrain tegmentum; in 
those cases, the altered level of con- 
sciousness could be related to compres- 
sion of reticulothalamic pathways. Al- 
though headache was a common com- 
plaint, only three patients had 
papilledema; in two of these cases, the 
CT scan showed hydrocephalus due to 
blockade of CSF transit by an expand- 
ing brain-stem mass. Interestingly, 
meningeal signs were absent in all but 
one patient despite CSF evidence of 
meningeal inflammation in six cases. 
Also, it is quite remarkable that the 
concentration of CSF glucose was nor- 
mal in every patient. 

Clinical manifestations of brain- 
stem tuberculoma usually present dur- 
ing a period of weeks or months,***'!° 
making difficult the differential diag- 
nosis with neoplasms* or other infec- 
tious diseases*® of the brain stem. 
Evidence of systemic tuberculous in- 
fection is of great value in this setting; 
its absence, however, does not exclude 
the diagnosis of brain-stem tuber- 
culoma.'' In our series, five of 11 pa- 
tients had evidence of systemic tuber- 
culosis during life. The chest roentgen- 
ogram was the most useful diagnostic 
tool as it showed abnormalities in four 
cases. The tuberculin skin test may 
also be useful in areas of the world 
where tuberculosis is not endemic”; 
however, we could not use this test as 
a reliable indicator of active disease 
because of the high incidence of posi- 
tive results in the population of our 
country. 

The CSF examination was of little 
aid in the diagnosis of brain-stem tu- 
berculoma. In our series, isolated pro- 
tein elevation, indistinguishable from 
that seen in pontine glioma,” was the 
most common abnormality (36% of 
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Fig 1.— Magnetic resonance imaging of patient 10. Left, T;-Weighted (repetition time = 500 ms; 
echo time = 26 ms) imaging shows small areas of decreased signal intensity in pontine tegmen- 
tum (large arrows); fourth ventricle is compressed and posteriorly displaced (small arrow). Right, 
To-Weighted (repetition time = 2000 ms; echo time = 50 ms) image shows hypointense central 
zone surrounded by irregular area of increased signal intensity representing edema. 





Fig 2.—Contrast-enhanced computed tomogram (left) and T ;-weighted (repetition time = 500 ms; 
echo time = 26 ms) magnetic resonance imaging (right) of patient 11 (Table) show exophytic 
growth of brain-stem tuberculoma into pontine cistern (arrows). 


cases). Increased white blood cell 
counts, found in three patients, were 
helpful for suggesting an infectious 
disease; however, a brain-stem 
abscess” or cysticercosis*® may also 
course with similar changes in the cy- 
tochemical analysis of CSF. Negative 
smears of CSF for acid-fast bacilli 
should not be taken as proof against 
the diagnosis since these smears are 
not very sensitive; only one of our pa- 
tients had positive smears for acid- 
fast bacilli in CSF. 

As has been previously pointed out, 
CT scans have an important role in the 
diagnosis of brain-stem tuber- 
culoma.*!? Nevertheless, CT findings 


should be interpreted with caution 
since they are nonspecific. Tuberculo- 
mas, abscesses, mycotic granulomas, 
parasitic cysts, primary or metastatic 
tumors, and even vascular diseases 
may all course with similar findings in 
the CT scan.*! The CT appearance of 
brain-stem tuberculoma has been re- 
cently reviewed.*** On plain CT scans, 
such lesions are usually isodense or 
moderately hyperdense and may be 
surrounded by edema; small or large 
calcifications are seen in some cases.” 
Almost all tuberculomas show some 
degree of enhancement after injection 
of contrast material; two patterns of 
enhancement have been recognized: (1) 
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Fig 3.—Brain-stem slice of patient 1 (Table) that shows large tuberculoma with gelatinous brown- 


ish capsule and firm yellowish center. 





Fig 4.—Contrast-enhanced computed tomogram of patient 6 (Table). Views before (left) and three 
months after (right) start of antituberculous therapy. Note reduction in size of brain-stem lesion 
as result of therapy. 


ringlike and (2) nodular. Ring-en- 
hancing lesions may be single or mul- 
tiple and may be found in association 
with a central calcification (“target 
sign”) that is fairly characteristic of 
intracranial tuberculoma.” When the 
central zone of the ring-enhancing le- 
sion is hypodense rather than iso- 
dense, a tuberculous abscess may be 
suspected.** Nodular-enhancing le- 
sions are usually small and may have 
an irregular shape with speckled un- 
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enhanced areas.” 

In our series, nine patients had iso- 
dense or hyperdense brain-stem le- 
sions that enhanced in either aringlike 
or nodular pattern after contrast in- 
jection. The remaining two patients 
had hypodense lesions on plain CT 
scans; ringlike enhancement was seen 
in one of these cases and nodular 
enhancement in the other. These were 
nonspecific findings; therefore, the di- 
agnosis of brain-stem tuberculoma 


was suspected only after the integra- 
tion of data from the clinical presen- 
tation and other diagnostic studies. In 
the four cases with associated supra- 
tentorial tuberculous granulomas, 
however, CT was more useful in sug- 
gesting the correct diagnosis. We did 
not find any single lesion with the tar- 
get sign that could also provide useful 
information in selected cases. Our two 
patients with hypodense lesions de- 
serve special comment. Although this 
CT finding may suggest a tuberculous - 
abscess,” differentiation with a tuber- 
culoma can be difficult when using CT 
criteria alone. We found no differences 
between these two patients and those 
with isodense or hyperdense lesions in 
CT scans when comparing the clinical 
presentation, MRI findings, or out- 
come. According to Whitener,” the 
precise diagnosis of tuberculous ab- 
scess should rest on histologic findings 
of a pus-containing cavity with a wall 
that is composed of granulation tissue 
and the proof of a tuberculous origin of 
the lesion by positive cultures or acid- 
fast stains. Further studies with CT- 
pathologic correlation are needed to 
establish the role of CT in the diagno- 
sis of a tuberculous abscess. 
Recently, MRI has been shown to be 
superior to CT for the diagnosis of a 
brain-stem pathologic condition since 
the latter usually fails to demonstrate 
the full extent of the lesion.** Partial 
volume effect and artifacts, resulting 
from bony structures at the base of the 
skull, are major determinants in CT 
failures. To our knowledge, only one 
patient with brain-stem tuberculoma 
has been studied with MRI. In this 
case, the lesion was seen as a focal 
mass of decreased signal intensity on 
T,-weighted images surrounded by a 
large zone of increased signal intensity 
on T,-weighted images.” We have 
found similar changes in three cases. 
Magnetic resonance imaging showed 
irregular brain-stem lesions with long 
T, and short T, relaxation times; per- 
ilesional edema was seen on T,- 
weighted images as an area of in- 
creased signal intensity (Fig 1). In ev- 
ery case, MRI was more sensitive than 
CT in demonstrating the full extent of 
the lesion, particularly in the patient 
with a brain-stem tuberculoma show- 
ing exophytic growth into the pontine 
cistern (Fig 2). However, MRI could 
not discriminate between brain-stem 
gliomas and tuberculomas, since the 
former may also present with long T, 
and short T, relaxation values.” With 
the present knowledge, it appears that 
MRI is superior to CT in demonstrat- 
ing the extent of the disease; yet, its 
role in differentiating tuberculomas 
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from other brain-stem lesions remains 
to be defined. 

Treatment of patients with brain- 
stem tuberculoma should be conserva- 
tive. Although there have been iso- 
lated reports of successful surgical ex- 
cision of pontine! or mesencephalic’ 
tuberculomas, other studies have doc- 
umented that medical management 
has been sufficient to permit recovery 
in similar cases.*”’° In general terms, 
the prognosis of patients with an in- 
tracranial tuberculoma is better with 
antituberculous therapy than with 
surgery,**! even when the optimal 
combination of antituberculous drugs, 
their daily doses, and the length of 
therapy have not adequately been 
settled.*?* 

Mayers et al** recommended a regi- 
men starting with isoniazid and ri- 
fampin with either ethambutol or 
streptomycin for the first three 
months or until a clinical response has 
occurred; thereafter, two drugs (iso- 
niazid and rifampin) should be admin- 
istered to complete a total of 18 
months. On the other hand, Harder et 
al* suggested that the treatment can 
be completed in 12 months, provided a 
three-drug regimen is given for the full 
period. Whatever the combination of 
drugs and the length of therapy, most 
authors agree that isoniazid is the 
cornerstone of therapy for intracra- 
nial tuberculoma because of its bac- 
tericidal properties and its good pene- 
tration into the central nervous 
system. Another important point to 
be remembered is that medical ther- 
apy should be started early, as any de- 
lay in starting treatment usually leads 
to an increase in morbidity and 
mortality”; therefore, a trial of anti- 
tuberculous drugs is justified when a 
brain-stem tuberculoma is suspected 
on the basis of epidemiologic data, 
clinical presentation, and results of 
complementary studies, such as x-ray 
films of the chest, CSF analysis, and 
CT or MRI findings. With the present 
knowledge, there seems to be no place 
for surgery in the management of 
brain-stem tuberculoma, with the ex- 
ception of shunting patients with per- 
sistent hydrocephalus or stereotactic 
biopsy of the lesion in some cases 
where the diagnosis remains in doubt 
after integration of clinical and radio- 
logic data.'® 

In our series, a favorable outcome 
was observed in seven of ten patients 
who were receiving antituberculous 
therapy (Table). Of the remaining 
three patients, one did not experience 
clinical improvement despite complete 
disappearance of the brain-stem le- 
sion; the other patient died because of 
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Fig 5.—T,-Weighted (repetition time = 500 ms; echo time = 26 ms) magnetic resonance imag- 
ing of patient 11 (Table). Views before (left) and two weeks after (right) start of antituberculous 
therapy. Note paradoxical expansion of brain-stem lesion during therapy and change in its signal 
intensity suggestive of bleeding (arrow). 


poor compliance with the treatment, 
and the last patient presented with 
paradoxical expansion of the brain- 
stem lesion during the second week of 
antituberculous therapy. This phe- 
nomenon has occasionally been re- 
ported during the course of successful 
treatment of intracranial tuber- 
culoma***’ and has been thought to oc- 
cur as a result of immunologic 
mechanisms.” According to Chambers 
et al,“ paradoxical expansion is a tran- 
sient phenomenon that occurs at a 
time when the patient is clinically im- 
proving and does not demand alter- 
ation of therapy. Interestingly, our 
patient experienced a sudden deterio- 
ration in neurologic status that was 
associated with the paradoxical expan- 
sion of the brain-stem lesion; in this 
case, we documented bleeding within 
the tuberculoma that could account for 
the clinical deterioration (Fig 5). Hy- 
pothetically, such bleeding could be 
the result of a rupture of a small blood 
vessel in a state of advanced necrosis 
within the caseous center of the 
tuberculoma. 

The patient who was operated on 
because of a probable diagnosis of 
pontine glioma died 36 hours after 
surgery. In this patient, the diagnosis 
of brain-stem tuberculoma was 
missed, although retrospective review 
indicates that proper interpretation of 
the CT scan could have allowed an ac- 
curate diagnosis since it showed, be- 
sides the brain-stem lesion, a supra- 
tentorial granuloma. 

In summary, brain-stem tubercu- 
loma is a potentially curable disease 


that must be differentiated from other 
space-occupying lesions of the brain 
stem that carry a worse prognosis. 
Formerly considered an extremely 
rare condition, widespread use of mod- 
ern neuroimaging techniques has led 
to better recognition of such cases. The 
diagnosis of brain-stem tuberculoma 
is difficult on clinical grounds, but 
proper integration of data from CT or 
MRI findings, CSF analysis, and x-ray 
films of the chest provide an accurate 
diagnosis in most patients. Early di- 
agnosis and prompt therapy with an- 
tituberculous drugs are important in 
preventing mortality and reducing 
morbidity. 

We are grateful to Alfonso Escobar, MD, for 
kindly providing the brain slice used in Fig 3, and 


to Marco Zenteno, MD, for the magnetic reso- 
nance imaging used in Figs 1 and 5. 
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Magnetic Resonance Imaging and Clinical Correlates of 
Intellectual Impairment in Myotonic Dystrophy 


Steven J. Huber, PhD; John T. Kissel, MD; Edwin C. Shuttleworth, MD; 
Donald W. Chakeres, MD; Lawrence E. Clapp, MD; Martha A. Brogan, MD 


@ Although intellectual impairment is 
common in patients with myotonic dystro- 
phy, this aspect of the disease has 
received relatively little research atten- 
tion. We examined 41 patients with myo- 
tonic dystrophy using objective neuropsy- 
chological procedures and magnetic res- 
onance imaging. Ten patients (24%) had 
severe and generalized intellectual dys- 
function, while lesser or no cognitive 
impairment characterized the remaining 
patients. Degree of intellectual impair- 
ment was not related to neuromuscular 
status or sex. Patients with severe intel- 
lectual disturbance had significantly 
earlier onset of both myotonia and weak- 
ness and were more likely to inherit the 
disease from their mother. Magnetic reso- 
nance imaging findings indicated that 
while degree of cerebral atrophy was not 
related to severity of intellectual impair- 
ment, skull thickness, focal white matter 
lesions, and anterior temporal lobe abnor- 
malities were significantly more common 
in patients with severely disturbed intel- 
lect. This study reports a number of previ- 
ously unreported cerebral magnetic reso- 
nance imaging findings associated with 
intellectual impairment in myotonic dys- 
trophy, but the etiology of these changes 
awaits neuropathologic examination. 

(Arch Neurol. 1989;46:536-540) 


[ ntellectual impairment in patients 

with myotonic dystrophy has 
received surprisingly little research 
attention despite the fact that clinical 
reports suggest that 25% to 70% of 
these patients are so affected.'* Many 
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of these reports also suggest that 
intellectual disturbance may be asso- 
ciated with severity of disease, age at 
onset, mode of inheritance, and sex of 
the patient. Since these associations, 
as well as the incidence of intellectual 
impairment, are based mainly on clin- 
ical observation, their objective valid- 
ity remains tenuous. For example, in 
the two existing studies that used 
formal neuropsychological testing, 
one found a significant association 
between the extent of intellectual 
impairment and disease severity’ 
while the other study did not.’ 

In this report we evaluated the 
degree of intellectual impairment in 
patients with myotonic dystrophy uti- 
lizing objective neuropsychological 
testing and statistical comparison 
with appropriate control perfor- 
mance. We examined whether severi- 
ty of intellectual impairment was 
associated with overall severity of dis- 
ease, age at onset, duration of both 
weakness and myotonia, sex of the 
patient, and the mode of inheritance. 
In addition, patients were evaluated 
by magnetic resonance imaging (MRI) 
to determine whether impaired intel- 
lectual status was associated with 
specific cerebral abnormalities. 


SUBJECTS AND METHODS 
Subjects 


Forty-one consecutive patients with 
myotonic dystrophy from the Ohio State 
University Muscular Dystrophy Clinic, 
Columbus, participated in the study. The 
diagnosis was established on the basis of 
the characteristic clinical picture, includ- 
ing the presence of electrical and clinical 
myotonia in extremity muscles.’ None of 
the patients had a history of significant 
head trauma, meningoencephalitis, hypox- 
ic insult, or other neurologic illness that 
might have affected their mental status. 
Two patients had cardiac pacemakers but 


were not symptomatic, and no other 
patients had symptomatic cardiopulmo- 
nary problems. The patients were taking 
no medications at the time of testing. This 
group had a mean age of 37.7 years (range, 
17 to 64 years) and 12.6 years of education 
(range, 8 to 17 years). Twenty-six patients 
were male and 15 were female. Twenty-two 
patients (54%) acquired the disease by 
paternal transmission and 8 (20%) by 
maternal transmission. In the remaining 
11 patients (27%), either there was no 
family history of myotonic dystrophy or 
clinical histories were not adequate to 
allow this determination. 

Average muscle score was graded using 
a modified British Medical Research Coun- 
cil scale of 0 through 10.°!° Our patient 
group had a mean average muscle score of 
6.9 (range, 3.4 to 9.7). Estimated duration 
of weakness had a mean of 15.3 years 
(range, 2 to 50 years), and mean age at 
onset was 23.2 years (range, 1 to 59 years). 
Estimated duration of myotonia had a 
mean of 16.8 years (range, 2 to 46 years), 
and mean age at onset of myotonia was 
21.5 years (range, 1 to 59 years). 

Sixteen normal controls also partici- 
pated. This group had no known neurologic 
disease and did not have a history of 
alcoholism. The control group had a mean 
age of 37.3 years (range, 17 to 60 years) and 
13.5 years (on average) of education (range, 
11 to 18 years). This group was evaluated 
by the same neuropsychological proce- 
dures as were the patients. All participants 
gave informed consent before evaluation. 


Neuropsychological Procedures 


Mini-Mental State Examination.—This is 
a brief evaluation of overall mental func- 
tion." 

Language.— Verbal fluency was tested by 
asking subjects to generate as many words 
as possible that begin with the common 
letters S and P in 60 seconds.” Significant 
impairment on this test may indicate 
impaired or slowed search of verbal (lexi- 
cal) long-term memory. Auditory verbal 
comprehension was assessed by presenting 
each subject with 10 sheets containing four 
outline drawings of common objects and 


Myotonic Dystrophy—Huber et al 


asking the subject to point to the object 
named by the experimenter." In the nam- 
ing task,'* subjects were asked to name 10 
outline drawings of common objects. Sig- 
nificant impairment on the latter test sug- 
gests the presence of visual agnosia, anom- 
ia, or both. 

Memory.—Auditory verbal immediate 
memory was assessed by the digit span 
procedure.'®* Auditory verbal acquisition 
memory was assessed using the paired- 
associates technique.” 

Apraxia.—Subjects were asked to per- 
form five common motor acts (eg, thread- 
ing a needle) without use of the objects 
involved. Inability to perform these 
actions on command was considered indic- 
ative of ideomotor apraxia when motor 
impairment was absent. 

Visuospatial Ability.—Visuospatial skills 
were assessed by Raven’s Progressive 
Matrices.” This procedure was chosen 
because it does not involve construction or 
other manipulation. Poor performance on 
this test may indicate impaired reasoning 
utilizing visuospatial data. 

Depression.—Subjects completed the 
Zung Self-rated Depression Scale.'* This is 
a self-report questionnaire that quantifies 
level of depressive symptoms. The experi- 
menter clarified any questions on re- 
quest. 

Significant impairment in each of these 
areas was estimated for the individual 
patient by comparison with normal control 
performance. Significant impairment was 
defined as performance that was at least 2 
SDs below mean normal control perfor- 
mance. Impairment in one area or no areas 
was classed as minimal, significant 
impairment in two areas was classed as 
moderate, and impairment in three or 
more areas was classed as severe intellec- 
tual impairment. 

MRI 

Magnetic resonance imaging was per- 
formed on a unit (Signa) operating at a 
field strength of 1.5 T. For all scans, sec- 
tion thickness was 5 mm. The MRI scans 
were performed using a spin-echo pulse 
sequence. A more proton density-weighted 
axial scan was performed with a repetition 
time (TR) of 2500 to 3000 ms and an 
echo-delay time (TE) of 20 to 30 ms. Rela- 
tive T,-weighted axial images utilized a TR 
of 2500 to 3000 ms and a TE of 75 to 80 ms. 
We also performed more T,-weighted sag- 
ittal and coronal images using a TR of 600 
ms and a TE of 20 ms. The MRI was 
obtained for 35 patients; 2 patients could 
not undergo this procedure because of car- 
diac pacemakers and 4 refused to partici- 
pate. 

The MRI scans were evaluated by two 
neuroradiologists without knowledge of 
clinical status, and five factors were scored 
by mutual agreement, as follows. 

General Cerebral Atrophy.— General cere- 
bral atrophy was evaluated relative to age 
rather than on an absolute scale, and 
because of this it was the most subjective 
of the MRI values. Atrophy was rated on a 
scale of 1 to 5, with higher numbers indic- 
ative of increasing severity. A score of 1 
represented normal-appearing ventricles 
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and cisterns relative to age, and no paren- 
chymal atrophy with widening of sulci. 
Higher numbers indicated varying degrees 
of increasing ventricular and cisternal 
spaces. 

Focal Cerebral Atrophy.—Focal atrophy 
was rated using the same scale as that used 
for general atrophy, but the rating was 
made with respect to a specific region of 
the brain such as when a particular lobe 
(temporal) was judged to be smaller than 
expected for the patient’s age. 

Focal White Matter Disease.— Focal white 
matter disease was judged by both the size 
and total number of high signal lesions 
seen on axial TR 3000 ms-TE 80 ms images. 
The total number of lesions was identified 
and placed into five categories on the basis 
of size (0.5, 1, 1.5, 2, or 2.5 em). Total score 
was a combined product of the number and 
size of the lesions. 

Skull Thickness.—Skull thickness was 
rated on a scale of 1 to 5, with increasing 
numbers indicative of increasing severity. 
These measures were judged by the dimen- 
sions of the skull as well as the extent of 
the involvement. A score of 1 was given for 
normal thickness. A score of 2 indicated 
mild thickening of the frontal bone; 3, 
marked thickening of the frontal bone; 4, 
moderate thickening of the calvarium in 
general; and 5, marked thickening of the 
skull universally. 

Temporal Lobe Lesions.—Temporal lobe 
lesions refer to areas of increased signal 
seen best on the TR 3000 ms-TE 80 ms 
images. They involved predominantly far 
anterior white matter structures of the 
medial temporal lobes. These findings 
were not associated with any brain atro- 
phy or distortion of the surface of the 
brain. These lesions were also graded on a 
scale of 1 to 5, with 1 indicating normal. A 
score of 2 was given for a lesion under 2 cm 
in size involving one temporal pole; 3, a 
lesion greater than 2 cm involving one 
temporal lobe; 4, bilateral temporal lobe 
lesions less than 2 cm in diameter and 2 cm 
in size; and 5, bilateral lesions greater than 
2 cm in size. 


RESULTS 
Neuropsychological Evaluation 


Performances of patients with myo- 
tonic dystrophy and normal controls 
were compared on each neuropsycho- 
logical procedure using Student’s t 
tests. These results are given in Table 
1. Patients and controls were not sig- 
nificantly different in terms of age 
(t[55] = 0.10) or years of education 
(t[55] = 1.28). Performance on the 
Mini-Mental State Examination, a 
measure of overall intellectual func- 
tion, was significantly lower in 
patients with myotonic dystrophy 
compared with controls (t[55] = 4.04, 
P < .0002). 

Specific neuropsychological impair- 
ments that may contribute to the 
overall intellectual deficit seen in 
patients with myotonic dystrophy 
were also evaluated. In terms of mem- 


ory performance, the patients had 
impaired performance on the digit 
span task of immediate memory 
(t[53] = 3.15, P < .003). Acquisition 
memory, as measured by the paired- 
associate task, was also impaired 
(t[49] = 2.63, P < .01). Patients with 
myotonic dystrophy learned the easy 
associated pairs within normal limits 
(t[47] = 1.02) but were impaired in 
their ability to remember the nonre- 
lated (hard) pairs (t[48] = 2.82, 
P < .007). Measures of language in- 
cluding auditory verbal comprehen- 
sion (t[55] = 1.38) and naming perfor- 
mance (t[55] = 1.00) were not im- 
paired in patients with myotonic dys- 
trophy. There was impairment of ver- 
bal fluency for patients (t[55] = 2.83, 
P < .007). Patients with myotonic dys- 
trophy had impaired cognition that 
was evident from performance on the 
calculation subtest of the Mini-Men- 
tal State Examination (t[52] = 5.77, 
P < .0001). Visuospatial reasoning 
skills were also impaired (t[52] = 2.82, 
P < .007). Finally, patients with 
myotonic dystrophy had signifi- 
cantly higher depression scores com- 
pared with controls (t[50] = 6.14, 
P < .0001). 

There was wide variation of intel- 
lectual status in patients with myo- 
tonic dystrophy. Ten patients (24%) 
had severe intellectual impairment, 10 
(24% ) were classified as having mod- 
erate intellectual impairment, and 21 
(52% ) were classified as having mini- 
mal intellectual dysfunction. Seven 
patients (17%) from this last group 
showed no significant impairment on 
any of the neuropsychological mea- 
sures. 

There was also wide variation in 
terms of the frequency of specific neu- 
ropsychological impairments in pa- 
tients with myotonic dystrophy. 
Impairment on our measure of cogni- 
tion (ie, calculation) was most com- 
mon, seen in 63% of patients (26/41). 
Significant depression was also com- 
mon, occurring in 59% of patients 
(24/41). There was not a significant 
correlation between severity of de- 
pressive symptoms and overall intel- 
lectual status as measured by the 
Mini-Mental State Examination 
(r= —.15). Thus, it is doubtful that 
poor performance on any of our neu- 
ropsychological measures represents 
an artifact of increasing depression. 
Impairments of visuospatial reason- 
ing skills (35% [14/41]), immediate 
memory (37% [15/41]), and recent 
memory (27% [11/41]) were somewhat 
less common. Language impairment 
was relatively rare in terms of both 
auditory verbal comprehension (10% 


Myotonic Dystrophy—Huber et al 537 


Table 1.—Performance on Neuropsychological Measures of Patients With Myotonic 
Dystrophy and Normal Controls * 


Controls 
37.3 = 16.7 
19:62. 


Measures 
Age, y 
Education, y 


Mini-Mental State 
Examination score 29.3 1.0 


Orientation 98+ 0.4 
Registration 3.0+0 
Calculation 4.8 + 0.4 
Recall 2.6 + 0.5 
Language 89+ 0.3 
Naming 98+ 0.7 
Comprehension 99+0.3 
Fluency ite 3:8 
Visuospatial 5.4 + 0.6 
Digit-span Let 08 


Paired associates 
Total ‘7.7 = 2-3 


Easy 8.5 + 0.6 

Hard 9.3 + 2.0 
Depression 29.3 + 4.9 
Apraxia §.0 + 0 


Patients 
37.7 + 115 
12.6 + 2.5 


27.0 + 3.2 
9.4 1.1 
29+ 0.2 
3.2 1.7 
2.7 + 0.6 
8.7 + 0.9 
9.5 + 1.0 
9.5 + 0.9 
13.7 + 5.6 

At eo 
i a S < 


15.4 + 3.9 
62 + 1:0 
7.2+ 3.3 

40.2 + 8.4 
4.9 + 0.3 





* NS indicates not significant. Nonstatistical values are mean + SD. 


Table 2.—Magnetic Resonance Imaging Findings in Patients With Myotonic Dystrophy as 
Function of Intellectual Status * 


Minimal 
1.3 + 0.5 
11+ 03 
1.8 + 0.9 
Lat 1.6 
1.44 1.1 


Measure 


Generalized atrophy 
Focal atrophy 

Skull thickness 

Focal white matter 
Temporal lobe lesions 


Moderate 
2.1 = 06 
100 

2.4+ 1.3 
las 13 
TO Æ 1.4 


Severe 
ly £089 
1.0 2 0 
3.7 + 0.9 
7.3 + 5.9 
28 t 1.2 





* NS indicates not significant. Nonstatistical values are mean + SD. 


[4/41]) or naming ability (15% [6/41)). 
Except for the uncertainties relat- 
ing to prior neuropsychological func- 
tioning, the pattern of our findings 
was reminiscent of that associated 
with the subcortical dementia syn- 
drome.'**! 


MRI Findings 


The MRI findings indicated marked 
thickening of the skull up to 1.5 em in 
overall thickness. The cortical mar- 
gins of the bone appeared normal 
while the intervening marrow spaces 
were expanded, with normal signal 
characteristics. These findings appear 
to be somewhat more prominent fron- 
tally, but with greater severity there 
was more universal involvement of 
the calvarium. There also was some 
expansion of the structures at the 
skull base, with narrowing of the 
internal auditory canals, for exam- 
ple. 

The focal white matter lesions were 
nonspecific and similar in signal char- 
acteristics to those seen in demyelin- 
ating disorders, with increased inten- 
sity on long TR-TE images. They were 
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most prominently seen as high-signal 
areas on the TR 3000 ms-TE 80 ms 
images and were not well identified on 
the short TR-TE images. 

The anterior temporal lobe lesions 
were characterized by areas of high 
signal, somewhat linear or fingerlike 
in configuration, involving the anteri- 
or medial portions of the temporal 
lobes. There was no associated dis- 
tortion of the temporal horns or sur- 
face of the temporal lobes. There was 
no atrophy present. This finding is 
quite unusual and not characteristic 
of demyelination, infarction, trauma, 
or tumor. 


Analysis of MRI and Intellectual 
Impairment 


The three patient groups defined by 
the previously described criteria for 
intellectual status included those with 
minimal, moderate, or severe intellec- 
tual impairment. Differences in MRI 
ratings among the three groups were 
evaluated by analysis of variance and 
post hoc comparisons (Newman- 
Keuls) where appropriate. 

The MRI findings for the three 


patient groups defined by intellectual 
status are given in Table 2. There was 
a significant difference among the 
three groups in terms of the extent of 
generalized cerebral atrophy (F'[2,32] 
= 5.24, P<.01). The pattern of the 
differences determined by post hoc 
comparisons, however, indicated that 
the extent of cerebral atrophy was not 
systematically related to severity of 
intellectual impairment. There was 
not a significant difference between 
the patients with minimal and severe 
impairment or between those with 
severe and moderate impairment, but 
patients with moderate impairment 
had significantly higher ratings of 
atrophy compared with patients with 
minimal dysfunction (P < .05). These 
differences may simply reflect the 
subjective nature of MRI ratings of 
cerebral atrophy. The extent of focal 
atrophy was not significantly differ- 
ent among the three groups 
(F'[2,32] = 0.97). There were signifi- 
cant differences among the three 
patient groups in terms of skull thick- 
ness (F[2,32] = 9.98, P < .001), focal 
white matter disease (F'[2,32] = 11.78, 
P < .001), and temporal lobe abnor- 
malities (F[2,32] = 3.71, P< .04). In 
each instance, the pattern of post hoc 
comparisons (Newman-Keuls) was 
the same. There was not a significant 
difference between the patient groups 
with minimal and moderate intellec- 
tual impairment, but patients with 
severe impairment were significantly 
different from both of these groups 
(P < .05). Thus, patients with severe 
intellectual impairment had unique 
MRI abnormalities related to the 
extent of skull thickness, focal white 
matter degeneration, and temporal 
lobe abnormalities. Representative 
scans of these MRI findings related to 
severe impairment are presented in 
Figs 1 through 3. 


Clinical Features Associated With 
intellectual Impairment 


Results indicated a significant dif- 
ference among the three groups in 
terms of average muscle score 
(F'[2,38] = 4.45, P<.02). However, 
none of the pairwise comparisons 
were statistically significant, which 
suggests extensive but similar degrees 
of variability within each of the three 
groups. There were significant group 
differences for both age at onset of 
weakness (F[2,38] = 6.87, P < .003) 
and duration of weakness (F[2,38] 
= 8.38, P <.001). Post hoc compari- 
sons indicated that patients with 
severe intellectual impairment had 
significantly earlier onset of weak- 
ness compared with the other two 


Myotonic Dystrophy—Huber et al 


= 





Fig 1.—Left, This axial 3000-ms repetition time, 80-ms echo time spin-echo image at the level of the trigone of the lateral 
ventricle demonstrates a number of small periventricular high-signal lesions (arrows). In this case the lesions are relatively 
symmetric. Right, Linear-shaped high-signal regions (arrows) in the corona radiata are seen superior to the lateral 
ventricles in the same patient using the same technique. The normal white matter tracts are low signal using this 


technique. 





Fig 2.—Bilateral anterior medial temporal lobe 
lesions (arrows) are seen on this axial 3000- 
ms repetition time, 80-ms echo time spin-echo 
image. Note that the lesions involve predomi- 
nantly the white matter and have no other 
associated changes. 


patient groups (P <.05), but there 
was not a significant difference in age 
at onset between patients with mini- 
mal and moderate intellectual impair- 
ment. Similarly, patients with severe 
impairment had a significantly longer 
duration of weakness compared with 
the other two patient groups (P < .05), 
but again those patients with minimal 
and moderate intellectual impairment 
were not different. The same pattern 
of results was observed when myoto- 
nia was examined. There was a signif- 
icant group difference in terms of 
both age at onset (F[2,38] = 5.15, 
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Fig 3.—This sagittal, 600-ms repetition time, 
20-ms echo time, off-midline magnetic reso- 
nance image demonstrates the skull to be 
markedly thickened (arrow). The cortical mar- 
gins are normal with expanded marrow 
spaces. 


P<.01) and duration of myotonia 
(F[2,88] = 6.40, P<.004). Patients 
with severe impairment had a signifi- 
cantly earlier age at onset and a 
longer duration of myotonia com- 
pared with the other two patient 
groups (P <.05). In each instance, 
however, patients with minimal and 
moderate intellectual impairment 
were not significantly different. 

We also examined whether there 
was a relationship between intellectu- 
al status and either mode of inheri- 
tance or sex of the patient. Patients 
were divided into the three groups 


based on intellectual status, and the 
frequency data were analyzed by the 
complex x? procedure. Mode of inheri- 
tance and intellectual status were sig- 
nificantly related (x? = 22.46, P < .01). 
Maternal inheritance becomes more 
prevalent with increasing severity of 
intellectual impairment; six of seven 
patients with severe impairment had 
maternal transmission. There was not 
a significant relationship between sex 
of the patient and intellectual status 
(x? = 1.62). 


COMMENT 


We used objective neuropsychologi- 
cal testing procedures and statistical 
comparison with age- and education- 
matched controls to quantify intellec- 
tual impairment in patients with 
myotonic dystrophy. Approximately 
half (52% ) of our patients were found 
to have either normal intelligence or 
minimal impairment of intellectual 
function; the remaining patients had 
either moderate (24% ) or severe intel- 
lectual impairment (24%). These 
results are consistent with the previ- 
ously held impression that the degree 
of intellectual impairment varies 
widely in patients with myotonic dys- 
trophy. 

Several researchers have suggested 
that severity of clinical disease and 
intellectual impairment tend to paral- 
lel one another in patients with myo- 
tonic dystrophy,'?’* while others 
have suggested that there is little 
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relationship between these vari- 
ables.**3 Our findings, based on objec- 
tive evaluation of intellectual status, 
suggested no systematic relationship 
between severity of disease and sever- 
ity of intellectual impairment. Dodge 
et al’ and Harper’ suggested that the 
lack of facial expression often seen in 
patients with severe disease may bias 
the clinical impression toward the 
view that these patients are also 
affected mentally. Patients with 
severe intellectual impairment did, 
however, have a significantly earlier 
onset of both weakness and myotonia 
compared with patients with lesser 
degrees of intellectual impairment, 
findings consistent with previous 
observations.'** 

While sex of the patient and intel- 
lectual status were not related, our 
patients with severe intellectual 
impairment were significantly more 
likely to have inherited the disease 
from their mother. Others have 
reported a similar trend,'***?’ but the 
reasons for this relationship remain 
unclear. It is unlikely that a separate 
allele is responsible, since the mothers 
can be mildly affected.** Another 
explanation is that this phenomenon 
may be related to maternal intrauter- 
ine influences.” One report found 
an increase in serum deoxycholic acid 
level” in the mother of a patient with 
congenital myotonia. Since maternal 
serum deoxycholic acid does cross the 
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placenta, is toxic to cells, and influ- 
ences the breakdown processes of ace- 
tylcholine nerve endings, abnormally 
high maternal serum concentration of 
deoxycholic acid could affect central 
nervous system development in pa- 
tients with myotonic dystrophy. 

To examine whether specific cere- 
bral abnormalities were associated 
with intellectual disturbance in 
patients with myotonic dystrophy, our 
patients were evaluated by MRI. The 
extent of neither generalized nor focal 
cerebral atrophy was related to intel- 
lectual status in myotonic dystrophy, 
but intellectual status was related to 
skull thickness, focal white matter 
changes, and temporal lobe abnormal- 
ities. The extent of these changes was 
significantly greater in patients with 
severe impairment, compared with 
those with lesser degrees of intellectu- 
al impairment, and patients with both 
minimal and moderate intellectual 
impairment could not be reliably dis- 
tinguished based on any of these mea- 
sures. 

Both the etiology and pathophysiol- 
ogy of the cerebral abnormalities 
detected by MRI in our patients are 
uncertain. Previous studies have 
noted the presence of increased skull 
thickness in patients with myotonic 
dystrophy, but no mention was made 
of the potential clinical significance of 
the findings.*°*! Hyperostosis may 
occur on a genetic basis, may be sec- 
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Transmission Failure in CNS: A New Perspective. 
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Neurophysiology of the Developing Cesare Lombroso 
Central Nervous System Chairman 
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Pain & Nerve Physiology Morris Fisher 
Electrophysiology of Movement Disorders S. Chokroverty 
Dermatomal SEPs Michael Aminoff 
Guillain-Barre Syndrome Allan Ropper 
Polyneuropathy John Kelly 
Update on Sleep Disorders Medicine John Stakes, Ill 
Applications of Electrical and David Ingram 
Magnetic Brain Stimulation 
Electrophysiological Techniques ot Alan Berger 
Root and Cord Stimulation 
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For further information contact 
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Neurologic Complications in 
Long-standing Nephropathic Cystinosis 


John K. Fink, MD; Pim Brouwers, PhD; Norman Barton, MD, PhD; 
Mohammed H. Malekzadeh, MD; Susumu Sato, MD; Suvimol Hill, MD; 
Warren E. Cohen, MD; Barbara Fivush, MD; William A. Gahl, MD, PhD 


è The central nervous system has been 
considered to be uninvolved in nephro- 
pathic cystinosis. Survival into adulthood, 
following renal dialysis and transplanta- 
tion, has brought attention to the sequelae 
of long-standing cystinosis. We examined 
14 patients with cystinosis, 12 of whom 
had undergone renal transplantation. Two 
patients had neurologic symptoms. One 
patient had progressive bradykinesia, de- 
mentia, and spasticity with computed 
tomographic scan evidence of cerebral 
atrophy and multifocal mineralization in 
bilateral internal capsules and periven- 
tricular white matter. One patient had be- 
havioral and, to a lesser extent, cognitive 
disturbance and computed tomographic 
scan evidence of marked, progressive ce- 
rebral atrophy. Although the remaining pa- 


N ephropathic cystinosis, an autoso- 
mal recessive lysosomal storage 
disease, results from defective trans- 
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tients had normal results of neurologic ex- 
aminations, 11 had roentgenographic evi- 
dence of generalized cerebral atrophy; 2 
of these had abnormal electroencephalo- 
grams, 1 had borderline-deficient intellec- 
tual function, and 2 had computed tomo- 
graphic scan evidence of multifocal, in- 
tracerebral mineralization. The patients 
with nervous system abnormalities were 
not distinguished by patterns of medica- 
tion use, demographic or laboratory fea- 
tures, or the relative severity of cystinosis. 
Although the neurologic involvement in 
these patients suggests that cystinosis 
may eventually involve the central nervous 
system, the differential diagnosis must in- 
clude other complications from renal fail- 
ure, dialysis, and immunosuppression. 
(Arch Neurol. 1989;46:543-548) 


port of the amino acid cystine from 
within lysosomes into the cytosol. As 
a consequence, intralysosomal cystine 
accumulates in many tissues, in- 
cluding those of the kidney, liver, 
spleen, lymph nodes, bone marrow, 
intestine, pancreas, cornea, and 
conjunctiva.*’ Cystine crystals have 
been detected in the choroid plexus!’ 
and rarely in cerebral gray and white 
matter.'®"! 

Children with cystinosis typically 
present within the first year of life 
with renal tubular Fanconi’s syn- 
drome and its concomitants, dehydra- 
tion, acidosis, vomiting, and hypophos- 
phatemic rickets.*’ Although variable 
degrees of growth failure, photopho- 
bia, and hypothyroidism occur, the 
hallmark of cystinosis is glomerular 


dysfunction that results in death from 
renal failure at 9 to 10 years of age.” 
Until recently,” the central nervous 
system (CNS) has been considered to 
be clinically uninvolved. 

Since 1968, many patients with renal 
failure secondary to cystinosis have 
undergone kidney transplantation. In 
1985, there were at least 72 such indi- 
viduals in the United States and 
Canada™ whose nonrenal organs had 
been accumulating cystine for 10 to 30 
years. With increased longevity, non- 
renal consequences of long-term cysti- 
nosis have become manifest in the 
thyroid, retina, lens, iris,‘ and 
pancreas.'’ To determine the nature 
and frequency of neurologic involve- 
ment, 14 patients with long-standing 
cystinosis underwent standardized 
neurologic examination, including 
neuropsychometric testing, electroen- 
cephalography (EEG), and computed 
tomographic (CT) scanning. 


PATIENTS AND METHODS 


All patients had corneal crystals, ele- 
vated leukocyte cystine levels, and medical 
histories diagnostic of nephropathic cysti- 
nosis. With the exception of patient 7 who 
was referred for neurologic examination, 
patients were not selected because of the 
presence or absence of neurologic symp- 
toms. All patients except two had success- 
ful renal allografts in place at the time of 
examination. Patient 7, having rejected two 
renal transplants, had been receiving long- 
term ambulatory peritoneal dialysis for 2 
years. Patient 3 had never undergone a re- 
nal transplant but had been receiving long- 
term ambulatory peritoneal dialysis for 3 
years. Patients were examined in the War- 
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Table 1.—Neurodiagnostic Examination of Patients With Long-standing Cystinosis 


Age, y, 
Patient No. / at Renal 
Sex/Age, y Transplant(s) 


Result of 
Neurologic 
Examination 


Neuropsychometric 
Examination * 
—eereren— 
V P F M R 
A LA A HA A 


Computed 
Tomographic 


Scan 


1/M/13 7 Normal Mild atrophy Slow background; focal 
sharp and slow waves 


2/F/13 8 Normal 


Not performed 


Mild atrophy 


Normal 


3/F/15 vat Normal Moderate atrophy Normal 


4/M/15 9 Normal Mild atrophy and mineralization Normal 
in globus pallidi 


B 
A 
5/M/16 9 and 15 Normal A Mild atrophy Normal 
A 
A 


7/F/18 11 and 14 Dementia Marked atrophy (progressive) Posterior slowing 


8/F/19 8and 9 Normal HA Mild atrophy; mineralization in Normal 
pons and deep white matter 
S 


9/F/19 10 (X2) 
10/F/19 9 
11/M/20 13 

8 


Normal 
Normal 
Normal 


Mild atrophy 
Mild atrophy 
Mild atrophy 


Not performed 
Nor performed 


MD B wee MD 
HA A a 
HA -A S a 
6/M/17 11 Normal LA A HA ... Mild atrophy Theta range slowing 
B LA A A 
LA A A S 
A HA S A 


Normal 
Normal 
Normal 


12/M/20 Normal A LA LA S A Mild atrophy Normal 
A S A HA S 


13/M/23 10 (X2) 


14/M/24 11 Normal 


Bradykinesia, spasticity, 
dementia, dysphagia, 
proximal weakness 


Not performed Normal 


Marked atrophy; mineralization 
in internal capsules and 
periventricular white matter 


Not performed 





Normal 


* Verbal IQ (V), performance IQ (P), full-scale IQ (F), memory quotient (M), and performance on age-appropriate Ravin Progressive Matrices (R) were assessed. Results 
are described as follows: superior (S), IQ greater than 119; high average (HA), IQ of 110 to 119; average (A), IQ of 90 to 109; low average (LA), IQ of 80 to 89; borderline 
(B), IQ of 70 to 79; and mentally deficient (MD), IQ less than 70. 


+EEG indicates electroencephalogram. 


+Patient has undergone long-term ambulatory peritoneal dialysis for 3 years; renal transplant not performed. 


ren G. Magnuson Clinical Center at the Na- 
tional Institutes of Health, Bethesda, Md. 
Informed consent was obtained from each 
adult patient and from the parents of minor 
patients. 


Cranial CT Scans 


A cranial CT sean (GE 8800) was obtained 
for each patient without intravenous con- 
trast and following the administration of 
intravenous contrast for patient 13. Two CT 
scans, obtained 1 year apart, were available 
for patients 1, 4, 7, and 11. Computed tomo- 
graphic scans were independently reviewed 
by two neurologists (J.K.F. and N.B.) and a 
radiologist (S.H.), and the ratio of the cere- 
bral diameter (at the level of the frontal 
horns) to the frontal horn diameter was 
measured." 


EEG 


Standard 12-channel EEGs were ob- 
tained during wakefulness for patients 1 
through 6, 8 through 12, and 14. Patient 7 
had an EKG prior to examination at the 
National Institutes of Health. An EEG was 
not obtained for patient 13. 


Neuropsychometric Testing 


Neuropsychometric testing included the 
age-appropriate Wechsler Intelligence 
Scale (Wechsler Intelligence Scale for Chil- 
dren-Revised, Wechsler Adult Intelligence 
Scale-Revised) (patients 1, 3 through 9, 11, 
and 12) and the Wechsler Memory Scale 
(patients 1, 4 through 9, 11, and 12). In ad- 
dition, a number of more specialized tests 
measuring attention (Trail Making Test), 
nonverbal reasoning and judgment (Raven 
Progressive Matrices), and memory (Selec- 
tive Reminding Testing and Rey-Osterrieth 
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Complex Figure Test) were administered to 
selected patients. 


RESULTS 


The patients (eight males and six 
females) ranged in age from 13 to 24 
years (mean, 18.1 years) (Table 1). Pa- 
tients 5 and 12 were brothers, as were 
patients 4 and 11. The average age at 
the time of initial renal transplanta- 
tion was 9.5 years (range, 7 to 13 years). 
An average interval of 8.6 years 
(range, 6 to 13 years) had elapsed 
between the initial renal transplanta- 
tion and this examination. None of the 
patients were uremic, clinically immu- 
nodeficient, or experiencing distur- 
bance of serum pH, electrolyte, or cal- 
cium values at the time of examina- 
tion. All patients were euthyroid 
according to clinical and laboratory 
measurements, including patients 7 
and 13 who were receiving thyroid 
supplementation. Patients 1, 3, 6, and 
8 had received mercaptamine (cys- 
teamine) prior to renal transplanta- 
tion. Patient 13 was receiving a very 
low dose (15 mg/kg per day) of mer- 
captamine at the time of his examina- 
tion. Some of the nonneurologic char- 
acteristics (including immunosuppres- 
sive and other medications) of many of 
these patients are reviewed else- 
where.” 


Patient Reports 


Results of neurologic examinations 
(Table 1) were normal except for patients 7 


and 13 whose case histories are summarized 
below. 

PATIENT 7.—A 19-year-old white woman 
was the product of an uneventful gestation 
and delivery. Failure to thrive and bone 
pain during infancy led to the diagnosis of 
cystinosis. Glomerular dysfunction, ap- 
pearing at age 5 years, progressed to renal 
failure that required hemodialysis by age 
10 years. Cadaveric renal transplants, per- 
formed at ages 11 and 14 years, were re- 
jected. Long-term ambulatory peritoneal 
dialysis was instituted at age 16 years. Ad- 
ditional medical problems included mild 
hypothyroidism that required thyroid hor- 
mone replacement since age 13 years and 
pancreatic endocrine and exocrine insuf- 
ficiency,” manifested by hyperglycemia 
(age 16 years) and fat malabsorption since 
age 18 years. She received her junior high 
and high school education from a tutor at 
home and had achieved an average level of 
academic performance. 

An insidiously progressive change in per- 
sonality, behavior, and, to a lesser extent, 
cognition became evident at age 17 years. 
This was preceded by periods of social 
withdrawal and emotional depression; 
these were associated with hospitalizations 
and were initially considered to be reactive 
in nature. Memory impairment and person- 
ality and behavioral changes, which in- 
cluded social withdrawal and the appear- 
ance of various compulsions, were noted 
thereafter. For example, she would spend 
several hours arranging magazines on a 
coffee table, frustrated that the pattern was 
still not “perfect.” Another example was 
her unceasing habit of removing even tiny 
pieces of lint or hairs from her bed and 
clothing. She soon was able to perform only 
a few activities each day because of the 
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Fig 1.—Noncontrast computed tomographic scans of patient 7 at ages 16 years (left) and 17 years 


(right) showing progressive cortical atrophy and ventriculomegaly. 





Fig 2.—Noncontrast computed tomographic scan of patient 13 at age 23 years showing marked 
cortical atrophy, ventriculomegaly, and mineralization in periventricular white matter and bilateral 


internal capsules. 


enormous amount of time spent on even the 
simplest task. This was not due to brady- 
kinesia, fatigue, or difficulty comprehend- 
ing the nature of the task. She was aware of 
her behaviors but indicated that she was 
unable to resist them. She could not bear 
weight on her lower extremities in the 12 
months prior to examination because of 
pain related to nonunion of bilateral tibial 
fractures. 

On examination, she was fully alert and 
oriented but was withdrawn, childlike, 
emotionally labile, easily frustrated, and 
cried frequently. When asked to explain 
something that had happened to her 6 
months ago, she recited a long litany of 
facts that were generally accurate but en- 
tirely unedited. She was unable to draw 
generalizations or give explanations. Her 
fund of knowledge was limited and she 
avoided responding to questions to which 
she apparently did not know the answers. 


Arch Neurol—Vol 46, May 1989 


Proverb interpretations were concrete and 
recent memory was impaired. She could not 
perform simple calculations. Speech, lan- 
guage, spatial orientation, and cranial 
nerves were normal. There was mild weak- 
ness of deltoids, biceps, and grip strength. 
Her lower extremities could not be moved 
without causing pain and thus strength 
could not be accurately assessed; the mus- 
culature of the lower extremities was hy- 
potonic and atrophic. Primary sensory mo- 
dalities, finger-to-nose testing, and deep 
tendon reflexes were normal. Plantar re- 
sponses were flexor, bilaterally. Grasp and 
snout signs were absent. Lumbar puncture 
was refused. Computed tomographic scans 
showed marked, generalized atrophy with 
ventriculomegaly that was progressive over 
a 16-month interval (Fig 1). Electroenceph- 
alograms showed excessive slowing of pos- 
terior rhythms. Cerebrospinal fluid was 
normal. 


PATIENT 13.—A 23-year-old, right- 
handed man was the product of an unevent- 
ful gestation, delivery, and neonatal period. 
Cystinosis was diagnosed at age 16 months 
during evaluation of failure to thrive. Neu- 
rologic development and academic perfor- 
mance proceeded normally despite growth 
retardation, polydipsia, polyuria, vomiting, 
chronic malaise, photophobia, and progres- 
sive renal failure. At age 10 years, following 
3 months of uneventful hemodialysis, he 
underwent cadaver renal transplantation 
that was rejected 3 weeks later. A second 
cadaver renal transplantation, performed 3 
months later, has continued to function 
well. He graduated from high school and 
completed two semesters in a junior college. 

Insidiously progressive gait difficulty, 
initially manifesting as imbalance and in- 
coordination, and later as bradykinesia, 
became apparent at age 18 years. Within 2 
years, progressive bradykinesia affected his 
speech and upper extremities. At age 20 
years he began to experience episodic CNS 
dysfunction that occurred every several 
weeks and lasted for several hours, rarely 
continuing for several days. Episodes were 
heralded by the sudden onset of severe 
headache (without prodromata) that was 
bifrontally predominant, nonthrobbing, 
and occasionally associated with nausea 
and vomiting. After several minutes, vari- 
able symptoms occurred, including the fol- 
lowing: paresthesia of the entire right arm; 
inattentiveness, associated with dysarthria 
and left hemiparesis; loss of postural con- 
trol either as an isolated symptom, or in 
association with facial drooping and left or 
right upper extremity weakness, or associ- 
ated with confusion and dysarthria; or un- 
responsive staring for several minutes. He 
recovered completely following each epi- 
sode. None of the episodes was associated 
with loss of consciousness, involuntary 
movements, tongue biting, or incontinence. 
Between the ages of 20 and 21 years, dysar- 
thria and gait difficulty progressed despite 
spontaneous remission of headaches and 
episodic neurologic dysfunction. By age 22 
years he was wheelchair bound, although 
alert, socializing, and interested in his en- 
vironment. Examination at that time 
showed generalized spasticity, slow, dysar- 
thric speech, memory impairment, and dis- 
orientation. 

At the time of our examination, he was 23 
years old and was receiving prednisone (15 
mg every other day), azathioprine (75 mg 
once a day), trihexyphenidy] hydrochloride 
(9 mg, divided in four doses each day), mer- 
captamine (150 mg four times a day), 
levothyroxine sodium (60 ug daily), ergota- 
mine tartrate (as needed), and multivita- 
mins. He had growth retardation, cushing- 
oid facial appearance, photophobia, and 
blepharospasm. He was alert and oriented 
to person and place but did not know the 
day, month, or season. He offered minimal 
spontaneous conversation, his verbal re- 
sponses were quite delayed, and his speech 
was slow, hypophonic, and dysarthric. He 
performed at the age levels of 9 and 10 
years, respectively, on the Verbal Analogies 
and Fund of Knowledge portions of the 
Mattis Examination Battery. Recent mem- 
ory was impaired and calculation ability 
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was limited to single-digit addition. There 
was mild right-left disorientation. Gag re- 
flex was hyperactive. Muscle tone was in- 
creased throughout. There was no evidence 
of dystonia. There was moderate, bilateral 
weakness of tibialis anterior and gastroc- 
nemius muscles and mild weakness of neck 
flexors and proximal upper and lower ex- 
tremity muscles. Results of sensory exam- 
ination were normal. There was mild dys- 
metria. Fine finger movements and rapid 
alternating movements were markedly 
slowed. Deep tendon reflexes were hyperac- 
tive and plantar responses were extensor. 
His gait was stiff legged, short stepped, 
slightly wide based, and unsteady. Cere- 
brospinal fluid, examined prior to our eval- 
uation, was normal. Computed tomo- 
graphic scan (Fig 2) showed marked 
cortical atrophy, ventriculomegaly, and 
multifocal, punctate mineralization in bi- 
lateral internal capsules and deep white 
matter. 


Neuropsychometric Evaluations 


Results from the age-appropriate 
Wechsler Intelligence Tests (10 pa- 
tients tested) indicated a mean full- 
scale IQ of 96.6 (range, 70 to 118) with 
a mean verbal IQ of 100.6 (range, 79 to 
120) and a mean performance IQ of 93.2 
(range, 64 to 120). Although the abso- 
lute discrepancies between verbal and 
performance IQs were larger than 
usual, no consistent pattern of relative 
strength or weakness was identified. 
On the average, memory quotients 
were higher than IQs. The Wechsler 
Memory Scale yielded a mean memory 
quotient of 112.8 (range, 93 to 127). No 
discrepancy was seen between verbal 
and nonverbal visual memory, both 
being above average. On delayed recall 
of the Wechsler Memory Scale stories, 
patients 6, 7, and 9 showed a substan- 
tial loss of information that had been 
available on immediate recall. The 
only patient clearly in the “borderline 
mentally deficient range” on the IQ 
tests was patient 3. Additional tests 
administered to this individual con- 
firmed and validated the IQ findings. 
She scored below the fifth percentile on 
the Raven Progressive Matrices Test. 
Estimates of her attention and speed 
(Trail Making Test), however, were 
still within normal limits. 


EEG 


Electroencephalograms, obtained in 
12 patients, were abnormal in 3 (Table 
1). Two patients (1 and 6) had abnor- 
mal EEGs despite the entirely normal 
results of neurologic examinations. 
Patient 7, who had cognitive impair- 
ment and progressive cerebral atro- 
phy, had mild slowing of posterior 
rhythms. There was no significant dif- 
ference with respect to age of CT find- 
ings among individuals who had ab- 
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normal EEGs compared with those 
with normal EEGs. 

For comparison, the EEGs of 30 pa- 
tients with cystinosis who had not un- 
dergone renal transplantation were 
reviewed and 8 were found to be ab- 
normal. Electroencephalographic ab- 
normalities in these groups were sim- 
ilarly heterogeneous, ranging from 
mild, theta-range slowing, to diffuse, 
delta-theta range slowing with multi- 
focal, epileptiform discharges. 


Cranial CT Scans 


Computed tomographic scan results, 
summarized in Table 1, may be classi- 
fied into three patterns. One pattern 
was normal (present in 1 patient). A 
second pattern was generalized corti- 
cal atrophy with ventricular enlarge- 
ment (present in 10 patients). Atrophy 
was mild for 8 of these patients; 3 of 
these had serial scans that showed no 
evidence of progression over 1 year. 
There was moderate to marked, corti- 
cal atrophy with ventriculomegaly in 2 
patients. Serial scans, available for 1 of 
these patients (patient 7), showed pro- 
gressive atrophy over a 16-month in- 
terval (Fig 2). A third pattern was 
cortical atrophy, ventriculomegaly, 
and multifocal, punctate, intracere- 
bral mineralization (present in 3 
patients). Two of these patients (pa- 
tients 4 and 7) had mineralization in 
the region of the bilateral internal 
capsules, bilateral globus pallidi, and 
periventricular white matter. Miner- 
alization in patient 8 was seen in the 
mid pons and scattered in deep, cere- 
bral white matter. There was no 
change following the administration 
of intravenous contrast to patient 13. 


COMMENT 


Cystinosis is a systemic disorder 
that causes age-related, progressive 
damage to the parenchyma of several 
organs. Renal tubular destruction in 
the first year of life results in Fanco- 
ni’s syndrome. Hypothyroidism often 
appears with an average age of onset 
at 9 years.'* Glomerular damage is 
generally complete by 10 years of 
age. °? In the second or third decades, 
retinal involvement may reduce visual 
acuity and pancreatic damage can 
result in insulin-dependent diabetes 
mellitus." 

Although children with cystinosis 
have been generally free of neurologic 
symptoms,*’ a variety of such symp- 
toms has been reported in older pa- 
tients. Trauner et al” examined 19 pa- 
tients, aged 2.9 to 28.5 years, and noted 
generalized hypotonia (11 patients), 
impaired motor skills (16 patients), 
delayed speech (3 patients), and inten- 


tion tremor (5 patients). Cochat et al” 
reported seizures, tremor, mental re- 
tardation, and pseudobulbar and py- 
ramidal syndromes in 10 patients who 
had a mean age of 14.2 years. Melles et 
al” reported slowing of horizontal sac- 
cadic eye movements in 6 patients. 
Ehrich” reported the cases of 3 pa- 
tients with renal failure and seizures: 
2 patients had generalized seizures 
during the interval of hemodialysis 
prior to renal transplantation and 1 
patient had tonic-clonic seizures dur- 
ing a hypertensive crisis. Owing to 
possible contributions from metabolic 
encephalopathy (due to uremia or 
medications), it cannot be concluded 
that cystinosis per se was the proximal 
cause of neurologic symptoms in any of 
these patients. 

Cerebral atrophy in patients with 
cystinosis has been reported by Bro- 
dehl et al” (9 of 10 patients) and Cochat 
et al (8 of 10 patients). In general, 
such atrophy has not been associated 
with neurologic or psychologic abnor- 
malities. Cerebral atrophy may not 
be specifically related to cystinosis, 
however, because it also occurs with 
renal failure from other causes.” 
Rather, it has been suggested that the 
degree of atrophy may be increased in 
patients with cystinosis.” 

Levine and Paparo,’ Ross et al,” and 
Ebbesen et al” provided thorough 
clinicopathologic descriptions of CNS 
involvement in patients with cystino- 
sis. In the first report,’ insidiously 
progressive hemiparesis developed in 
a 19-year-old man 7 years after ca- 
daver renal transplant; death occurred 
secondary to accidental drowning. At 
autopsy, the choroid plexus was fi- 
brotic and infiltrated with lipid- and 
crystal-laden macrophages. Bilater- 
ally symmetric, focal regions of necro- 
sis with central calcification, periph- 
eral demyelination, and axonal dystro- 
phy were seen in the internal capsules 
and brachium pontis. Cystine crystals 
were not identified in the necrotic le- 
sions or in surrounding tissues. The 
second report" was of a 7-year-old girl 
in whom communicating hydroceph- 
alus developed that was relieved by 
placement of a ventriculoperitoneal 
shunt. Cerebral cortical and menin- 
geal biopsy specimens revealed abun- 
dant, small, anisotropic crystals in the 
walls of arachnoidal blood vessels, in 
the zone of pia-arachnoid contact, and 
in the cystoplasm of superficial corti- 
cal neurons. The third report”! was of 
a 10-year-old girl who was free of neu- 
rologic symptoms and died of uremia. 
Postmortem examination revealed 
sclerosis of the internal capsules and 
crystal deposition within the basal 
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Initial renal transplant, mean age, y (range) 
Age at examination, y (range) 


Interval between initial renal transplant and 
examination, y 


Full-scale IQ (range) 








* NA indicates not available. 


ganglia, thalamus, cerebellum, and 
posterior pituitary. 

The similarity of the histopatho- 
logic features in these patients does 
not prove that cystine accumulation 
directly leads to CNS dysfunction. An 
appropriate analogy is the clinico- 
pathologic syndrome of central pon- 
tine myelinolysis that occurs in alco- 
holics but that is causally related to 
rapid correction of fluid and electro- 
lyte imbalance.” 

We classified the patients in our se- 
ries as having neurologic symptoms 
(patients 7 and 13), CT scans with 
moderate to marked cerebral atrophy 
or multifocal mineralization (patients 
3, 4, 7, 8, and 13), CT scans with mild 
cerebral atrophy (patients 1, 2, 5,6, and 
9 through 12), and those who were en- 
tirely normal (patient 14). There were 
no differences in the medications used 
(including mercaptamine, prednisone, 
azathioprine, or antihypertensives) by 
patients in these groups. Patients with 
either neurologic symptoms or mark- 
edly abnormal CT scans were (on the 
average) older and had a longer inter- 
val between their initial renal trans- 
plantation and our examination than 
patients who were either normal or 
had only mild cerebral atrophy. In ad- 
dition, individuals with markedly ab- 
normal CT scans had (on the average) 
lower full-scale IQs than patients with 
only mild atrophy. None of the above 
trends reached statistical significance, 
however (Table 2). 

The neuropsychologic profile of pa- 
tients with cystinosis has been previ- 
ously evaluated” and generally nor- 
mal IQs have been found. Trauner et 
al? reported a “distinctive cognitive 
profile of short-term visual memory 
impairment.” This was not seen in our 
patients, who showed a trend toward 
better recall on the “memory-for-de- 
signs” subtest compared with the 
“logical stories” subtest of the 
Wechsler Memory Scale. Considered 
collectively, verbal IQ scores were 
slightly higher than nonverbal IQ 
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Table 2.—Analysis of Patients With Long-standing Cystinosis According to the Degree of 
Neurologic or Neuroradiologic Abnormality and Age 





Symptomatic 
Neurologic 


Abnormality Mineralization 


No. of patients 2 5 8 1 
Patient No. 7, 13 3, 4, 7, 8, 13 1, 2, 5, 6, 9-12 14 
11 


10.5 (10-11) 9.5 (8-11) 
20.5 (18-23) 18.4 (15-24) 
8.5 (7-10) 9.7 (6-13) 
92 (82-102) 93 (70-109) 





scores. This difference, however, was 
overshadowed by unusually large dif- 
ferences between performance IQ and 
verbal IQ for individual patients. 

The manifestations of CNS distur- 
bance of patients in our series, to- 
gether with those previously reported, 
may be summarized as follows. Clini- 
cal or radiologic abnormalities were 
not present in 1 (7.1% )of 14 patients in 
our series and 3 (87%) of 8” and 2 
(20%) of 10 patients? from previous 
series. Mild to moderate, primarily 
cortical atrophy with entirely normal 
results of neurologic and psychometric 
examinations occurred in 10 (71%) of 
14 patients in our series; this was a 
common observation although the ac- 
tual incidence in previous series can- 
not be deduced. Moderate to marked, 
progressive, superficial, and deep cere- 
bral atrophy with or without multifo- 
cal, intracerebral mineralization oc- 
curred in 3 patients (21.3% ) in our se- 
ries as well as the patient whose case 
was reported by Levine and Paparo’; 3 
of these 4 patients were neurologically 
symptomatic although none shared a 
similar clinical pattern. Communicat- 
ing hydrocephalus was not present in 
any patient in our series but was in 1 
patient whose case was previously 
reported.’ 

Two generalizations may be drawn 
from an analysis of our patients. First, 
neurologic and/or neuropsychometric 
abnormalities correlated with the de- 
gree of roentgenographic abnormality. 
Individuals with either normal CT 
scans or only mild atrophy were asymp- 
tomatic and had normal results on 
neurologic and neuropsychometric ex- 
aminations. Patients with moderate to 
marked cerebral atrophy, particularly 
those who also had multifocal miner- 
alization within the white matter, had 
neurologic and/or neuropsychometric 
abnormalities. Second, the pattern of 
clinical symptoms (and their respec- 
tive neuroanatomic substrates) was 
extremely heterogeneous. 

The relationship between these 
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clinicoradiologic patterns is not 
known. Specifically, whether neurolog- 
ically normal patients whose CT scans 
are either normal or show minimal 
cerebral atrophy represent an early 
stage in the development of severe 
generalized atrophy and marked en- 
cephalopathy is unknown. Further- 
more, it is not known whether gener- 
alized atrophy and focal (or multifo- 
cal) mineralizations within the white 
matter and basal ganglia share a com- 
mon cause. 

There are at least three possible ex- 
planations for CNS involvement. First, 
late involvement of the CNS might 
simply reflect the combination of rela- 
tively low degrees of cystine accumu- 
lation and cellular toxicity in the CNS 
compared with other organs. The ap- 
pearance of neurologic symptoms 
might thus be related to age and (pos- 
sibly) the degree of the lysosomal 
transport deficit. If this were true, all 
individuals with long-standing cysti- 
nosis would be considered at risk for 
neurologic involvement. 

A second possibility is that long- 
term survival, by virtue of renal trans- 
plantation, has permitted the appear- 
ance of a subtype of cystinosis with 
late-appearing CNS involvement. 
Gaucher disease, Niemann-Pick dis- 
ease, and hexosaminidase deficiency 
are other lysosomal storage diseases in 
which clinical variants have either no 
nervous system complications or late- 
appearing, slowly progressive involve- 
ment. 

A third possibility must include sec- 
ondarily acquired CNS injury. The dif- 
ferential diagnosis includes opportu- 
nistic infection, steroid-related cere- 
bral atrophy, malignant neoplasm 
(and paraneoplastic CNS disturbance), 
pseudotumor cerebri, metabolic dis- 
turbance (uremia, electrolyte imbal- 
ance, hypocalcemia, or hypercalce- 
mia), aluminum intoxication, “dialysis 
disequilibrium” or “dialysis demen- 
tia,” or the effects of long-term immu- 
nosuppressive medication. 
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In view of the occurrence of asymp- 
tomatic cerebral atrophy in patients 
with renal failure from other causes, 
isolated, asymptomatic, mild, and non- 
progressive cerebral atrophy may not 
be specifically associated with cystino- 
sis. Electroencephalographic abnor- 
malities may be similarly nonspecific. 
Although there is experimental evi- 
dence that chronic renal failure may be 
associated with increased calcium con- 
centration in cerebral gray and white 
matter,” we are not aware of roent- 
genographic evidence of mineraliza- 
tion in these patients. The features of 
our patients (and those whose cases 
were previously reported) that are dif- 
ficult to explain on the basis of chronic 
renal failure and immunosuppressive 
medications are the following: moder- 
ate to marked atrophy with symmet- 
ric, white matter mineralization that 
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may present with progressive hemi- 
paresis or a syndrome of progres- 
sive dementia, pyramidal, extrapyra- 
midal, and pseudobulbar dysfunction; 
marked progressive cerebral atrophy 
presenting as personality and cogni- 
tive dysfunction; or communicating 
hydrocephalus. 

The question remains whether cys- 
tine accumulation in the CNS is di- 
rectly responsible for these findings. 
Other contributing factors should be 
eliminated. Biopsy of appropriate tis- 
sue, in an effort to further exclude op- 
portunistic infection, vasculitis, or ma- 
lignant neoplasm (lymphoma) should 
be considered for appropriate individ- 
uals. The absence of cystine crystals in 
neuropathologic material would not 
exclude cystinosis from being the pri- 
mary toxic process, however. The for- 
mation of cystine crystals is multifac- 
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VER A CENTURY AGO, 


a thousand visionary physicians across the 
nation bestowed a commemorative stone 
carving to the Washington Monument. This patriotic 
display symbolized their unrelenting devotion to a 


new republic founded on 





ZF IA jj 


DIA ZA Z 


freedoms—including the 
freedom to practice medicine 
for the best possible health of 
all its people. Today your help 


= is needed to restore this symbol 
== __ of our profession. T 
= 7 ASN + RS WA 
=== Because the commemo- WW -AVI NY NOA 
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rative stone has suffered from 





severe erosion and deface- 
ment, the American Medical Association is launching a campaign to raise money from 
physicians to restore this symbol of medicine for the National Park Service. Every 
contribution made to this effort will serve as a statement of each physician’s personal 
affirmation and commitment to health and medicine in America. 
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Please take part in rededicating the commemorative stone as a shining example of 


ANY wy. 


the strength of medicine in a free and strong society. 
Contributors who donate $100 or more will receive a 
memorial replica of the carving as a token of appreciation. 
Send your tax deductible contribution for this time- 


less symbol today. Thank you. 


ELE ORL SEBO MOS OOS S'S ODA: O00 GRE O60 009 ROL 006 06,0010 0:0 E0:6'0'6.0 ESAERA #060 6 e606 06 4 beg e biee Bb be eta ee TTA 





Yes, | want to affirm my commitment 











to health and medicine in America. Name 
Please accept my contribution for: ewe 
Other 
: $100 
e=- $50 City/State/Zip 
E oss 
CEN SN Please make checks payable to: All donations are tax deductible. All contributions will be publicly recognized in an 
AMA Stone/National Park Service. unveiling ceremony for the new stone when it is fully restored. 
Mail your payment with this form to: Thank you for your contribution. 
AMA Stone/National Park Service 
P.O. Box 109016 


Chicago, Illinois 60610-9016 
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Moyamoya Disease 


Posterior Cerebral Artery Occlusion and 
Pattern-Reversal Visual-Evoked Potential 


Shizuka Tashima-Kurita, MD; Toshio Matsushima, MD; Motohiro Kato, MD; Takato Morioka, MD; 
Yasuo Kuwabara, MD; Kanehiro Hasuo, MD; Masashi Fukui, MD 


è Although vascular abnormality in 
moyamoya disease predominates in the 
anterior and middle cerebral arteries, the 
posterior cerebral artery (PCA) has been 
found to be involved in the course of the 
disease. To explore PCA occlusion by 
noninvasive means, we studied visual- 
evoked potentials in the patients with 
PCA occlusion (occlusive group), as well 
as in those without PCA occlusion (nonoc- 
clusive group). The results were com- 
pared with those of other examinations 
that also detected an occipital lobe patho- 
logic condition. Abnormalities of those 
examinations were highly specific to PCA 
occlusion. Positron emission tomography 
and pattern-reversal visual-evoked poten- 
tials yielded high incidence of abnormali- 
ty in the occlusive group (86% and 75%, 
respectively), and expressed the side of 
PCA occlusion if the occlusion was unilat- 
eral. Since pattern-reversal visual-evoked 
potentials is popular and a low-cost exam- 
ination compared with positron emission 
tomography, we conclude that pattern- 
reversal visual-evoked potentials is the 
most practical mean to explore PCA 
occlusion in the course of moyamoya 
disease. 

(Arch Neurol. 1989;46:550-553) 
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oyamoya disease is characterized 

by progressive occlusion of cere- 
bral arteries, and development of an 
abnormal vascular network. The 
occlusion starts near the carotid fork, 
and the abnormal vascular network is 
most frequently located in the anteri- 
or and middle cerebral arteries.’ It 
has been reported, however, that the 
posterior cerebral artery (PCA) also 
becomes involved in the course of the 
disease.'’? Decreased visual acuity,’ 
homonymous hemianopsia,** concen- 
tric constriction of the visual field,’ 
scintillating scotoma,® and Balint’s 
syndrome’ were reported as clinical 
manifestations of PCA occlusion in 
this disease. Incidence of the visual 
disturbances, however, seems to be 
rather low, as was found in 24% of 178 
patients with moyamoya disease with 
PCA occlusion.‘ 

We found that pattern-reversal 
visual-evoked potential (P-VEP) was 
frequently abnormal in these pa- 
tients. Although cerebral angiogra- 
phy is the essential examination to 
prove PCA occlusion, it should not be 
repeated often because of its invasive 
nature. Therefore, we studied VEP in 
patients with moyamoya disease with 
PCA occlusion, and compared the 
findings with those of other examina- 
tions that also detected pathologic 
findings in the occipital lobe, such as 
clinical neurologic and ophthalmolog- 
ic examinations, brain computed 
tomographic (CT) scan, and regional 
cerebral blood flow (rCBF) as 
revealed by positron emission tomog- 
raphy (PET). 


SUBJECTS AND METHODS 
Subjects 


Sixteen patients with moyamoya disease 
verified by cerebral angiography were 
studied. Eight patients (two boys and six 
girls; mean age, 10.6 + 2.6 [SD] years) had 
complete occlusion of PCAs unilaterally or 
bilaterally (occlusive group). The other 
eight patients (four boys and four girls; 
mean age, 9.4 + 2.5 years) had no, or only a 
minimal, stenosis of PCAs (nonocclusive 
group). All the patients showed patent 
ophthalmic arteries bilaterally. 


VEP 


Flash (F) VEP.—Fifteen patients were 
studied. Flashes were given at a rate of 2 
Hz and responses were recorded from a 
midline occipital electrode (Oz 5 cm above 
the inion) referring to linked ear lobe 
electrodes (A1A2, 10-20 electrode system). 

P-VEP.—Fifteen patients were studied. 
Alternating black-and-white checkerboard 
pattern (check size of 52 minutes) was 
reversed on a television monitor at a rate 
of 1 Hz. The right or left half-field (8° in 
visual field) was stimulated either sepa- 
rately (half-field P-VEP) or simultaneous- 
ly (full-field P-VEP). Responses were re- 
corded from three occipital electrodes, 
placed along a horizontal line 5 cm above 
the inion at the midline (O,) and at 5-em 
laterally from the midline (O, for the left 
and O, for the right), referring to an 
electrode at the midline frontal area (F, 
10-20 electrode system). 

Sixty-four responses were averaged with 
an analysis time of 300 ms for both F-VEP 
and P-VEP. Each recording session was 
repeated at least twice to ensure reproduc- 
ibility. 

In both F-VEP and P-VEP, latencies of 
the first positive peak were measured. Any 
latency exceeding mean +3 SDs of age- 
matched control values was considered 
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abnormal. The normal mean (+SD) value 
and upper limits were 108 + 7.4 ms and 130 
ms for F-VEP, 107 + 4.3 ms and 120 ms for 
full-field P-VEP, and 108 + 5.4 ms and 124 
ms for half-field P-VEP, respectively. 

Other Examinations.—Clinical ophthal- 
mologic and neurologic examinations 
included those of the eye apparatus, optic 
fundi, visual acuity, visual field, and visual 
perception in all 16 patients. On CT 
images, any localized abnormality in the 
occipital lobe was evaluated in all 16 
patients. 

Regional cerebral blood flow was mea- 
sured by the oxygen 15-labeled water 
infusion method” using PET in 14 pa- 
tients. Any localized reduction of rCBF 
in the occipital lobe was evaluated by in- 
spection of rCBF images as well as by 
quantification of rCBF. Control values 
were derived from the data base in which 
the normative data of various ages have 
been compiled. 

All these examinations were done as 
closely in time as the VEP studies. 


Representative Cases 


CasE 1 (Occlusive Group).—This patient, 
an ll-year-old boy with occlusion of the 
right PCA on angiography, had several 
episodes of transient weakness and invol- 
untary movements of the left extremities 
since the age of 9 years. He had not com- 
plained of any visual disturbance, and the 
ophthalmologic examinations revealed 
normal findings, including the visual field. 
The CT scan was also normal. Positron 
emission tomography revealed reduced 
rCBF in the right occipital region, on the 
side of the PCA occlusion. Flash VEP was 
within normal limits (Fig 1, A). Half-field 
P-VEP showed a prolonged latency of the 
major positive peak (P100) by stimulation 
of the left half-field, ie, an activation of the 
right, PCA-occluded visual cortex. In con- 
trast, stimulation of the right half-field 
showed a normal P100 latency (Fig 1, B). 
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Fig 1.—Visual-evoked potentials (VEP) of case 1. Right posterior cerebral arteries occlusion. A, 
Flash VEP. Normal finding. B, half-field pattern-reversal VEPs. Right visual half-field stimulation 
elicits normal P-VEP (upper trace). Left visual half-field stimulation that results in an activation of 
the right; posterior cerebral arteries-occluded visual cortex causes prolongation of the P100 
latency (lower trace). O, indicates midline occipital; O,, left occipital; O., right occipital (refer to 
the text for precise location of these electrodes); A1A2, linked ears (International 10-20 system); 
F,, International 10-20 system; and R field St (L field St), half-field pattern-reversal stimulation to 
right (left) visual half-field. 





Fig 2.—Findings of vertebral angiography and positron emission tomography in case 2. Anteroposterior (left) and lateral 
(center) views of vertebral angiograms show bilateral occlusions of the posterior cerebral arteries at the proximal 
portions, with a lack of visualization of the cartical branches. Positron emission tomography (right) reveals reduction of 
regional cerebral blood flow in the occipital regions bilaterally as well as in the right cerebral hemisphere. R indicates right 
hemisphere; L, left hemisphere. 
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CASE 2 (Occlusive Group).—This 13-year- 
old girl was found to have occlusions of the 
proximal portion of the PCA, bilaterally, 
by angiography (Fig 2, left and center). 
Several episodes of transient weakness of 
the extremities had occurred since the age 
of 2 years. After age 9 years, she experi- 
enced several episodes of transient blind- 
ness or decrease in visual acuity bilateral- 


ly. Visual field was normal. Computed 
tomographic scan showed a low-density 
area in the left occipital region. Positron 
emission tomography revealed a decreased 
rCBF in the occipital regions bilaterally 
(Fig 2, right). Flash VEP and P-VEPs were 
also abnormal (Fig 3, A and B): F-VEP 
showed a prolonged major positive peak 
with an attenuated amplitude, and the 
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Fig 3.—Visual-evoked potentials (VEPs) in case 2. A indicates flash VEP, the latency of the major 
positive peak is prolonged; B, half-field pattern-reversal VEPs. Right and left half-field stimulations 
cause prolongations of the P100 latency with attenuated amplitude. 


Table 1.—Incidence of Abnormal Findings in the Occlusive and 
Nonocclusive Groups of Patients With Moyamoya Disease 





Flash visual-evoked potential 


Occlusive Nonocclusive 
Group, No. (%) Group, No. (%) 
4/8 (50) 0/7 (0) 


Pattern-reversal visual-evoked potential 6/8 (75) 0/7 (0) 
Clinical examination 3/8 (38) 0/8 (0) 


Computed tomography 5/8 (63) 0/8 (0) 


Positron emission tomography 6/7 (86) 1/7 (14) 


Table 2.—Incidence of Abnormal Findings on the Occluded and 
Intact Sides in Patients With Unilateral Occlusion 
of Posterior Cerebral Arteries in Moyamoya Disease 


Occluded Side Intact Side 
Pattern-reversal visual-evoked potential 2/3° 0/3 
Computed tomography 1/3 0/3 
0/3 


Positron emission tomography 2/3 





* Pattern-reversal visual-evoked potential elicited by half-field visual stimulation on the side contralateral to 
the posterior cerebral arteries occlusion. 
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P-VEP exhibited prolongations of the P100 
latency with an attenuated amplitude on 
the right and left half-field stimulations. 


RESULTS 


Abnormal findings were found 
exclusively in the patients in the 
occlusive group, except for one patient 
in the nonocclusive group who showed 
reduced rCBF in the occipital region 
bilaterally (Table 1). The most fre- 
quent abnormality was seen in rCBF 
detected by PET (6 [86%] of 7 
patients), followed by P-VEP (6 [75% | 
of 8 patients), and then CT (5 [63% | of 
8 patients). Abnormality in the clini- 
cal examination was least frequent (3 
[38% | of 8 patients). 


VEPs 


The abnormality in F-VEP was pro- 
longed latency of the first positive 
peak (Fig 3, A) in all four patients. 
Also, prolongation of the latency of 
the first major positive peak (P100), 
with or without attenuation of the 
amplitude (Fig 1, B and 3, B), was the 
abnormal finding of P-VEP in all six 
patients. In three patients who had 
unilateral PCA occlusion, two showed 
abnormal P-VEP, which was elicited 
exclusively by stimulation to the 
visual half-field contralateral to the 
PCA occlusion (Table 2). 


Clinical Examinations 


Among three patients with abnor- 
mal findings, two had bilaterally 
decreased visual acuity alone, and one 
had both bilaterally decreased visual 
acuity and homonymous quadrantic 
anopsia of the left lower field. All 
three patients had PCA occlusion 
bilaterally. The onset of visual symp- 
toms in the three patients was less 
than 1 year, 5 and 9 years after initial 
symptom of the disease. 


CT Scans 


The abnormality in the occipital 
region was exclusively in low-density 
areas. In five patients with bilateral 
PCA occlusion, four showed the occip- 
ital low-density area, which was only 
unilateral. In three patients with uni- 
lateral PCA occlusion, one showed 
unilateral occipital low-density area 
ipsilaterally (Table 2). 


PET 


In four patients with bilateral PCA 
occlusion, three showed reduced rCBF 
bilaterally and one unilaterally. In the 
three patients with unilateral PCA 
occlusion, two showed unilateral 
reduction ipsilaterally (Table 2), and 
one showed normal rCBF. 

As mentioned above, one of seven 
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patients in the nonocclusive group 
showed reduced rCBF in the occipital 
region bilaterally (Table 1). 


Correlation of the Findings of 
P-VEP and of PET 


Both PET and P-VEP were studied 
in seven patients in the occlusive 
group. Five patients showed abnormal 
P-VEP and PET, and 1 patient showed 
normal P-VEP and PET. The findings 
of P-VEP and those of PET were well 
correlated, except the findings in 1 
patient who had abnormal PET and 
normal P-VEP. 


COMMENT 


In this study, F-VEP, P-VEP, clini- 
cal ophthalmologic and neurologic 
examinations, brain CT scans, and 
rCBF by PET were employed as indi- 
cators of pathologic findings in the 
occipital region due to PCA occlusion 
in moyamoya disease. Abnormalities 
of these indicators were specific to 
PCA occlusion because only the 
patients of the occlusive group showed 
abnormal findings, except one patient 
of the nonocclusive group. The latter 
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patient may have had the reduced 
rCBF in the occipital region due to 
altered hemodynamics resulting from 
the occlusion of the anterior and mid- 
dle cerebral arteries. Among the five 
indicators, PET and P-VEP yielded 
the most frequent incidence of abnor- 
mality in the occlusive group. These 
results suggest that PET and P-VEP 
are reliable indicators for PCA occlu- 
sion in place of cerebral angiogra- 
phy. 

The findings of PET and those of 
P-VEP were well correlated in the 
occlusive group: in seven patients who 
had both examinations performed, 
five with abnormal P-VEP also 
showed abnormal PET and one 
patient with normal P-VEP also 
showed normal PET. Further, in the 
patients with unilateral PCA occlu- 
sion, P-VEP and PET indicated 
abnormality of the occipital region on 
the occluded side. These results add 
more reliability to the two indicators 
for PCA occlusion. 

Clinical evaluations of the visual 
function were not reliable indicators 
as has been reported before.’ The 
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same conclusion can be applied to 
F-VEP and CT scan. In F-VEP, great- 
er interindividual and intraindividual 
variabilities than P-VEP and difficul- 
ty in exploring unilateral dysfunction 
of the occipital lobe might be related 
to the lower incidence of abnormality 
in the occlusive group. On CT images, 
not all functional abnormality may 
have been expressed as a morphologic 
abnormality. 

Although PET was proved the most 
reliable indicator for PCA occlusion in 
moyamoya disease, its availability is 
narrowly limited and the cost is 
expensive. Therefore, we concluded 
that P-VEP is the most practical 
mean to explore PCA occlusion that 
may develop in the course of moya- 
moya disease. 

To differentiate an abnormality of 
P-VEP of occipital lobe origin from 
that of peripheral origin, clinical eval- 
uations of the eye apparatus and 
visual pathway are important. A glau- 
comatous large coupling disc has been 
reported to occur in this disease.’ 
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HOW TO AVOID 
BIG HEADACHES 
IN YOUR PRACTICE 








For migraine patients who suffer frequent or severe attacks, 
relying on abortive therapy may result in more “headaches” 
than its worth—especially when prophylaxis is so easy. 


Important advantages over 
abortive therapies 


In a recent survey’ of 4,120 physicians who have tried INDERAL L 
for common-migraine prophylaxis, 98% of physicians mentioned 
the improved quality of life INDERAL LA affords their patients. 
Most also expressed concern about the shortcomings of abortive 
treatments—lack of sufficient control (90%), side effects (84%), 
and potential for addiction (78%). 


The one to start with to 
prevent common migraine 


In the survey, eight out of ten physicians rated INDERAL LA good 
to excellent in reducing both frequency and severity of migraine 
attacks. And, based on their experience, 91% of these doctors 
now consider INDERAL LA their prophylactic preference in 
migraine. Evaluate it in your patients and see for yourself. 
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*like the more than one million patients who have taken 
INDERAL LA for all its indications 


INDERAL® LA should not be used in the presence of 
congestive heart failure, sinus bradycardia, cardiogenic shock, W 
heart block greater than first degree, and bronchial asthma 
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Please see next page for brief summary of prescribing information 
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BRIEF SUMMARY (FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE CIRCULAR.) 
INDERAL® LA brand of propranolol hydrochloride (Long Acting Capsules) 


DESCRIPTION. |NDERAL LA is formulated to provide a sustained release of propranolol 
hydrochloride. INDERAL LA is available as 60 mg, 80 mg, 120 mg, and 160 mg capsules. 


CLINICAL PHARMACOLOGY. |NDERAL is a nonselective, beta-adrenergic receptor- 
blocking agent possessing no other autonomic nervous system activity. It specifically com- 
petes with beta-adrenergic receptor-stimulating agents for available receptor sites. When 
access to beta-receptor sites is blocked by INDERAL, the chronotropic, inotropic, and vaso- 
dilator responses to beta-adrenergic stimulation are decreased proportionate! 

INDERAL LA Capsules (60, 80, 120, and 160 mg) release propranolol HC! at a controlled and 
predictable rate. Peak blood levels following dosing with INDERAL LA occur at about 6 hours 
and the apparent plasma half-life is about 10 hours. When measured at steady state over a 
24-hour period the areas under the propranolol plasma concentration-time curve (AUCs) for 
the eo rg are approximately 60% to 65% of the AUCs for a comparable divided daily dose 
of INDERAL Tablets. The lower AUCs for the capsules are due to greater hepatic metabolism of 

ropranolol, resulting from the slower rate of absorption of propranolol. Over a twenty-four (24) 
ou period, blood levels are fairly constant for about twelve (12) hours then decline exponen- 
tially. 

INDERAL LA should not be considered a simple mg-for-mg substitute for conventional 
propranolol and the blood levels achieved do not match (are lower than) those of two to four 
times daily dosing with the same dose. When changing to INDERAL LA from conventional 
propranolol, a possible need for retitration upwards should be considered especially to main- 
tain effectiveness at the end of the dosing interval. In most clinical settings, however, such as 
aperenaon or angina where there is little correlation between plasma levels and clinical 
effect, INDERAL LA has been therapeutically equivalent to the same mg dose of conventional 
INDERAL as assessed by 24-hour effects on blood pressure and on 24-hour exercise re- 
sponses of heart rate, systolic pressure, and rate pressure product. INDERAL LA can provide 
effective beta blockade for a 24-hour period. 


INDICATIONS AND USAGE. Hypertension: |NDERAL LA is indicated in the manage- 
ment of hypertension; it may be used alone or used in combination with other antihypertensive 
agents, particularly a thiazide diuretic. INDERAL LA is not indicated in the management of 
hypertensive emergencies. 
Angina Pe Due to Coronary Atherosclerosis: |NOERAL LA is indicated for the 
cp tele management of patients with angina pectoris. 
ee INDERAL LA is indicated for the prophylaxis of common migraine headache. 
The efficacy of propranolol in the treatment of a migraine attack that has started has not been 
established and propranolol is not indicated for such use. 
ic ic Stenosis: |NDERAL LA is useful in the management of hyper- 
trophic subaortic stenosis, ospeoiaiy or treatment of exertional or other stress-induced 
angina, palpitations, and syncope. INDERAL LA also improves exercise performance. The 
effectiveness of propranolol hydrochloride in this disease appears to be due to a reduction of 
the elevated outflow pressure gradient which is exacerbated by beta-receptor stimulation. 
Clinical improvement may be temporary. 


CONTRAINDICATIONS. |NDERAL is contraindicated in 1) cardiogenic shock; 2) sinus 
bradycardia and greater than first-degree 
block; 3) bronchial asthma; 4) congestive heart 
failure (see WARNINGS) unless the failure is 
secondary to a tachyarrhythmia treatable with 
INDERAL. 


WARNINGS. CARDIAC FAILURE: Sympa- 
thetic stimulation may be a vital component 
supporting circulatory function in patients with 
congestive heart failure, and its inhibition by 
beta blockade may precipitate more severe 
failure. Although beta blockers should be 
avoided in overt congestive heart failure, if nec- 
essary, they can be used with close follow-up in 
patients with a history of failure who are well 
compensated and are receiving digitalis and 
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LONG ACTING CAPSULES 


ee Beta-adrenergic blocking agents do not abolish the inotropic action of digitalis on 
eart muscle. 

IN PATIENTS WITHOUT A HISTORY OF HEART FAILURE, continued use of beta blockers 
can, in some cases, lead to cardiac failure. Therefore, at the first sign or symptom of heart 
failure, the patient should be digitalized and/or treated with diuretics, and the response 
observed closely, or INDERAL should be discontinued (gradually, if possible). 
















IN PATIENTS WITH ANGINA PECTORIS, there have been reports of exacerbation of 
aa and, in some cases, myocardial infarction, Song abrupt discontinuance of 
INDERAL therapy. Therefore, when discontinuance of INDERAL is planned, the dosage 
should be gradually reduced over at least a few weeks, and the patient should be 
cautioned against interruption or cessation of therapy without the physician's advice. If 
INDERAL hia is interrupted and exacerbation of angina occurs, it usually is advisable 
to reinstitute INDERAL therapy and take other measures appropriate for the management 
of unstable angina pectoris. Since coronary artery disease may be unrecognized, it may 
be prudent to follow the above advice in patients considered at risk of having occult 
atherosclerotic heart disease who are given propranolol for other indications. 


Nonallergic Prononoajanm (eg, chronic URE: cole oy arts AS PATIENTS 
WITH BRONCHOSPASTIC DISEASES SHOULD IN GENERAL NOT RECEIVE BETA 
BLOCKERS. INDERAL should be administered with caution since it may block bronchodilation 


~ _ produced by endogenous and exogenous catecholamine stimulation of beta receptors. 


- MAJOR SURGERY: The necessity or desirability of withdrawal of beta-blocking therapy prior 
to major surgery is controversial. It should be noted, however, that the impaired ability of the 
heart to respond to reflex adrenergic stimuli may augment the risks of general anesthesia and 
surgical procedures. 

INDERAL (propranolol HCI), like other beta blockers, is a competitive inhibitor of beta-recep- 
tor agonists and its effects can be reversed by administration of such agents, eg, dobutamine 
or isoproterenol. However, such patients may be subject to protracted severe hypotension. 
sapere Ad starting and maintaining the heartbeat has also been reported with beta blockers. 

DIABETES AND HYPOGLYCEMIA: Beta blockers should be used with caution in diabetic 
patients if a beta-blocking agent is required. Beta blockers may mask tachycardia occurring 
with hypoglycemia, but other manifestations such as dizziness and sweating may not be 
significantly affected. Following insulin-induced hypoglycemia, propranolol may cause a delay 
in the recovery of blood glucose to normal levels. 

THYROTOXICOSIS: Beta blockade may mask certain clinical signs of hyperthyroidism 
Therefore, abrupt withdrawal of propranolol may be followed by an exacerbation of symptoms 
of hyperthyroidism, including thyroid. storm. Propranolol may change thyroid function tests, 
ah T4 and reverse T3, and Eatery A 3. 

IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases have been 
reported in which, after propranolol, the tachycardia was replaced by a severe bradycardia 
pauing 2 demand pacemaker. In one case, this resulted after an initial dose of 5 mg 
propranolol. 


PRECAUTIONS. GENERAL: Propranolol should be used with caution in patients with im- 
ired hepatic or renal function, INDERAL (propranolol HCI) is not indicated for the treatment of 
ypertensive emergencies. 


Beta-adrenoreceptor blockade can cause reduction of intraocular pressure. Patients shou 
be told that INDERAL may interfere with the glaucoma screening test. Withdrawal may lead to 
return of increased intraocular pressure. 

CLINICAL LABORATORY TESTS: Elevated blood urea levels in patients with severe hee 
disease, elevated serum transaminase, alkaline phosphatase, lactate dehydrogenase. 

DRUG INTERACTIONS: Patients receiving catecholamine-depleting drugs such as rese 
pine should be closely observed if INDERAL (propranolol HCI) is administered. The adde 
catecholamine-blocking action may produce an excessive reduction of resting sympathet 
nervous activity which may result in hypotension, marked bradycardia, vertigo, syncop 
attacks, or orthostatic hypotension. 

Caution should be exercised when patients receiving a beta blocker are administered 
calcium-channel-blocking drug, especially intravenous verapamil, for both agents may d 
press myocardial contractility or atrioventricular conduction. On rare occasions, the concon 
tant intravenous use of a beta blocker and verapamil has resulted in serious adverse reaction 
especially in patients with severe cardiomyopathy, congestive heart failure, or recent myocé 
dial infarction. 

Aluminum hydroxide gel greatly reduces intestinal absorption of propranolol 

Ethanol slows the rate of absorption of propranolol. 

Phenytoin, phenobarbitone, and rifampin accelerate propranolol clearance. 

Chlorpromazine, when used concomitantly with propranolol, results in increased plasn 
levels of both drugs. 

Antipyrine and lidocaine have reduced clearance when used concomitantly wi 
propane 

hyroxine may result in a lower than expected Ta concentration when used concomitan 
with propranolol. 

Cimetidine decreases the hepatic metabolism of propranolol, delaying elimination ar 
increasing blood levels. 

Theophylline clearance is reduced when used concomitantly with propranolol. 

CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Long-term studies 
animals have been conducted to evaluate toxic effects and carcinogenic potential. In 1 
month studies in both rats and mice, employing doses up to 150 mg/kg/day, there was r 
evidence of significant drug-induced toxicity. There were no drug-related tumorigenic effec 
at any of the dosage levels. Reproductive studies in animals did not show any impairment 
fertility that was attributable to the drug 

PREGNANCY: Pregnancy Category C. INDERAL has been shown to be embryotoxic 
animal studies at doses about 10 times greater than the maximum recommended human dos 

There are no adequate and well-controlied studies in pregnant women. INDERAL should t 
used during pregnancy only if the potential benefit justifies the potential risk to the fetus. 

NURSING MOTHERS: INDERAL is excreted in human milk. Caution should be exercise 
when INDERAL is administered to a nursing woman. 

PEDIATRIC USE: Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS. Most adverse effects have been mild and transient and have rare 
required the withdrawal of therapy. 

ardiovascular: Bradycardia; congestive heart failure; intensification of AV block; hypote 
sion; paresthesia of hands; thrombocytopenic purpura; arterial insufficiency, usually of tl 
lag te type. 

entral Nervous System: Light-headedness; mental depression manifested by insomni 
lassitude, weakness, fatigue; reversible mental depression progressing to catatonia; vist 
disturbances; hallucinations; vivid dreams; i 
acute reversible syndrome characterized | 
disorientation for time and place, short-ter 
memory loss, emotional lability, slight 
clouded sensorium, and decreased perf 
mance on neuropsychometrics. For immedia 
formulations, fatigue, lethargy, and viv 
dreams appear dose related. 

Gastrointestinal: Nausea, vomiting, epiga 
tric distress, abdominal cramping, diarrhe 
constipation, mesenteric arterial thrombos 
ischemic colitis. 

Allergic: Pharyngitis and agranulocytos 
erythematous rash, fever combined with ac 
ing and sore throat, laryngospasm and respit 
tory distress. 
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Respiratory: Bronchospasm. 

Hematologic: Agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic purpu' 

Auto-immune: In extremely rare instances, systemic lupus erythematosus has be: 
reported. 

Miscellaneous: Alopecia, LE-like reactions, psoriasiform rashes, dry eyes, male impotenc 
and Peyronie's disease have been reported rarely. Oculomucocutaneous reactions involvil 
the skin, serous membranes and conjunctivae reported for a beta blocker (practolol) have r 
been associated with propranolol. 


DOSAGE AND ADMINISTRATION. |NDERAL LA provides propranolol hydrochloride ir 
sustained-release capsule for administration once daily. If patients are switched from INDER; 
Tablets to INDERAL LA Capsules, care should be taken to assure that the desired therapeu 
effect is maintained. INDERAL LA should not be considered a simple mg-for-mg substitute | 
INDERAL. INDERAL LA has different kinetics and produces lower blood levels. Retitration m 
be necessary, especially to maintain effectiveness at the end of the 24-hour dosing interval 

HYPERTENSION — Dosage must be individualized. The usual initial dosage is 80 n 
INDERAL LA once daily, whether used alone or added to a diuretic. The dosage may | 
increased to 120 mg once daily or higher until adequate blood-pressure control is achieve 
The usual maintenance dosage is 120 to 160 mg once daily. In some instances a dosage of 6 
mg may be required. The time needed for full hypertensive response to a given dosage 
variable and may range from a few days to several weeks. 

ANGINA PECTORIS — Dosage must be individualized. Starting with 80 mg INDERAL | 
once daily, dosage should be gradually increased at three- to seven-day intervals until optin 
response is obtained. Although individual patients may respond at any dosage level, t 
average optimal dosage appears to be 160 mg once daily. In angina pectoris, the value ai 
safety of dosage exceeding 320 mg per day have not been established. 

If treatment is to be discontinued, reduce dosage gradually over a period of a few weeks (s 
WARNINGS). 

MIGRAINE — Dosage must be individualized. The initial oral dose is 80 mg INDERAL | 
once daily. The usual effective dose range is 160-240 mg once daily. The dosage may | 
increased gradually to achieve optimal migraine prophylaxis. If a satisfactory response is r 
obtained within four to six weeks after reaching the maximal dose, INDERAL LA norapy shot 
be discontinued. It may be advisable to withdraw the drug gradually over a period of seve 
weeks. 

HYPERTROPHIC SUBAORTIC STENOSIS — 80-160 mg INDERAL LA once daily. 
PEDIATRIC DOSAGE —At this time the data on the use of the drug in this age group are t 
limited to permit adequate directions for use. 

*The appearance of these capsules is a registered trademark of Ayerst Laboratories. 
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History of Neurology 


Lhermitte’s Sign 


From Observation to Eponym 


Jose A. Gutrecht, MD 


@ The Lhermitte’s sign was first 
described by Pierre Marie and Chatelin in 
1917. Lhermitte reported on this symp- 
tom in 1920, and in 1924 he published the 
seminal article on the subject. In 1928, it 
was introduced to the American literature, 
and it was around that time that the 
symptom became well known. The histor- 
ic development of this observation into an 
eponym is documented. 

(Arch Neurol 1989;46:557-558) 


Mary symptoms, signs, maneuvers, 

and diseases in the neurologic 
literature are known by their 
eponyms. Yet, in some cases, the rea- 
sons for a particular designation are 
somewhat unclear and obscure or, 
from a strict standpoint, are even 
incorrect.! When does an observation 
become an eponym? How, why, and by 
whom is attribution given? This arti- 
cle is a review of the historic evolution 
of what is now called Lhermitte’s 
sign. 

On Dec 20, 1917, Pierre Marie and 
Chatelin? reported an observation to a 
meeting of the Centers of Military 
Neurology in Paris. In some patients 
with head injuries, they described 
transient “pins and needles” sensa- 
tions traveling the spine and limbs on 
flexion of the head. Less than a month 
later, Babinski and Dubois? described 
a patient who had a sensation of an 
“electric discharge” when flexing the 
head, sneezing, or coughing. The 
patients of Pierre Marie and Chatelin? 
had no neurologic deficits, and they 
assumed that the symptom was 
caused by pressure on the nerve roots 
when the head was flexed. The patient 
of Babinski and Dubois,’ however, had 
a hemiplegia from a Brown-Séquard 
syndrome secondary to a laceration of 
the spinal cord in the neck on the 
same side of the body as this peculiar 
symptom. Thus, they suggested that 
the symptom was caused by an intra- 
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medullary lesion. 

At the meeting of the Neurological 
Society of Paris on Jan 10, 1918, Jean 
Lhermitte? (1877-1959) (Figure) com- 
mented that this symptom had been 
observed by Marie and Bénisty* in 
patients with traumatic lesions of the 
cervical spinal cord, and that they had 
described the complaint at the meet- 
ing of Dec 2, 1915. However, this may 
have been a personal communication 
made by Marie to Lhermitte during 
World War I while Lhermitte was 
working under him at Salpétriére Mil- 
itary Hospital (Paris) or at the 1915 
meeting because Marie and Bénisty‘* 
made no mention of such a symptom 
in their article. One might also specu- 
late that Lhermitte learned of this 
symptom from Beénisty, who had given 
a paper just before the presentation of 
Babinski and Dubois.? Lhermitte 
agreed that the symptom was likely 
the result of irritation of the spinal 
cord. Ribeton,’ in his thesis for the 
doctorate of medicine (Paris, 1919) 
entitled “Pain in the Form of an Elec- 
tric Discharge Secondary to Neck 
Trauma,” thanked Dubois for his 
medical notes on patients who sought 
medical help at the Neurology Service 
of Babinski at L’H6pital de la Pitié in 
Paris, but credited Lhermitte for his 
ideas on the pathogenesis of the 
symptom. He also acknowledged 
Lhermitte’s many contributions on 
the subject of injuries to the spinal 
cord. In 1920, Lhermitte® elaborated 
further on the origin of the symptom 
in patients with concussion of the 
spinal cord by implicating involve- 
ment of the posterior and lateral col- 
umns. Clearly, Lhermitte was fasci- 
nated and intrigued enough by the 
unusual features of this symptom to 
separate it from the “radicular pains, 
hyperalgesias, and  causalgias’’® 
present in patients who had experi- 
enced trauma to the spinal cord. In 
the 1920 article, he credited Babinski 
and Dubois with the first description 
of the pain and its electric shocklike 
characteristics. 

The seminal report on the subject 
was presented by Lhermitte et al’ to 
the Neurological Society of Paris at 





Jean Lhermitte (1877-1959). 


the meeting of July 3, 1924, and was 
entitled “Pain of an Electric Dis- 
charge Character Following Head 
Flexion in Multiple Sclerosis.” They 
presented the case of a previously 
healthy 43-year-old woman with par- 
esthesias involving both legs. A 
month after onset of this symptom, 
the patient experienced “upon bend- 
ing of the head, a violent shock in the 
neck and a pain resembling an electric 
current which traveled the body from 
the neck to the feet.’” In this presen- 
tation, Lhermitte et al agreed with 
Guillain’s views on the peculiarity of 
some of the sensory complaints in 
patients with multiple sclerosis. They 
also stressed the abundance and 
diversity of sensory symptoms in 
their patient and the importance of 
these symptoms in the diagnosis of 
multiple sclerosis. In particular, they 
called attention to the “pains of an 
electrical discharge nature” never 
previously reported in the literature 
on multiple sclerosis. This presenta- 
tion expanded what had been, until 
then, rigid criteria for the diagnosis of 
multiple sclerosis as set by Charcot.’ 
They argued further that the symp- 
tom originated in the spinal cord, 
specifically in the cervical segments, 
and was caused by demyelination with 
preservation of axonal continuity in 
peripheral nerve injuries, as noted 
earlier by Tinel for a similar symp- 
tom.’ 

This report was followed with 
another in 1927? in which Lhermitte 
and associates presented two more 
patients with the same sensory com- 
plaint on flexion of the head. They 
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commented that the symptom was not 
truly painful but was unpleasant and 
that both patients’ descriptions of the 
symptom were uniform despite differ- 
ent backgrounds and education, which 
made the complaint fairly specific 
although not pathognomonic of multi- 
ple sclerosis. Again, Lhermitte stated 
that the symptom may occur early in 
the disease when no other signs are 
present. 

One of the patients, on a visit to 
New York, was presented by Wechs- 
ler? at a meeting of the New York 
Neurological Society on Oct 4, 1927, 
and his case was reported in 1928 in 
the American literature. The patient 
was an electrician who claimed he 
could light an electric bulb held in his 
hand whenever he brought on the 
symptom by flexing his head. For this 
reason and other unusual findings, 
discussants were skeptical of the ori- 


gin of his complaints and suggested 
that they were, in part, of hysterical 
origin. 

Soon after this publication, Lher- 
mitte'! chose to respond to these sug- 
gestions, particularly to the possible 
nonorganic origin of the peculiar sen- 
sory complaint he had previously 
reported. He reiterated his strong 
belief that the patient had multiple 
sclerosis and stressed that the symp- 
tom was of “great significance” in 
suggesting the diagnosis of multiple 
sclerosis. In his article, Lhermitte” 
stated that the symptom of electric 
shocklike sensation had been de- 
scribed by him and by Babinski and 
Dubois’ at the same time, presumably 
in 1918. By 1928, other publications 
had validated his observation.'*"* So 
far, it is clear that although the symp- 
tom had been described previously by 
others, Lhermitte was the first one to 
associate it with multiple sclerosis, to 
emphasize its importance in early 
diagnosis of the disease, and to pro- 
pose its pathogenesis. But, when did it 
become the Lhermitte’s sign? 

At a meeting of the Chicago Neuro- 
logical Society on Nov 21, 1929, Pat- 
rick’ presented a report entitled “The 
Symptom of Lhermitte in a Patient 
With Multiple Sclerosis.” He believed 
that the suggestion by Lhermitte that 
this sign was only seen in patients 
with multiple sclerosis and spinal 
cord trauma was too inclusive, and 
that as a “diagnostic aid it [the symp- 
tom] is not very significant.” Of 
course, the case presented and the 
title of the report suggested other- 
wise. The definitive term Lhermitte’s 
sign first appeared in the title of a 
presentation by Read" to the annual 
meeting of the Neurological Society of 
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Chicago on May 23, 1931. Until 1933, 
the sign had been known in England 
as the “barber sign.’’’ Whether this 
phenomenon is a symptom or a sign 
has been debated but is now a moot 
point.'® 

Lhermitte” wrote his last article on 
the topic in 1933. In it, he acknowl- 
edged the presence of the sign in other 
diseases, such as pernicious anemia 
with subacute combined degeneration 
of the spinal cord noted by Olkon.” No 
doubt he would have accepted the 
occurrence of the sign in other neuro- 
logic problems, such as radiation 
myelopathy, compressive cervical my- 
elopathy, and cisplatin toxicity, 
among others. Lhermitte had never 
stated that the sign was pathogno- 
monic of any neurologic disease. 

By the early 1930s, it appears that 
this peculiar symptom (or sign) was 
beginning to be recognized in the 
American literature by its eponym. In 
the French literature of 1949, Ala- 
jouanine et al” reaffirmed that the 
sign of Lhermitte was the result of 
pathologic processes involving the 
cervical spinal cord, specifically the 
posterior columns. They suggested 
that flexion of the head to elicit the 
symptom was indicated whenever a 
spinal condition was suspected, and 
that the maneuver be given the name 
of Lhermitte. Finally, the Lhermitte’s 
sign became widely known and popu- 
larized in the English-language litera- 
ture after it appeared as a separate 
entry in the classic book on multiple 
sclerosis by McAlpine et al”! in 1955. It 
may be relevant to note that McAl- 
pine had some training at the neuro- 
pathology laboratory of the Universi- 
ty of Paris after World War I, and he 
collaborated and published with Lher- 
mitte in the middle 1920s.” 

In many ways, the story of the 
Lhermitte’s sign is reminiscent of the 
history of other well-known symp- 
toms, signs, and maneuvers in neurol- 
ogy that are now known by eponyms. 
At first they are described, but only 
after someone else has written about 
them, given a fuller description of 
them, suggested the pathogenesis, and 
insisted on their importance does an 
eponymie sign or symptom become 
accepted and popular. Without doubt, 
the odd nature of the complaint and 
its presence in such a common neuro- 
logic disease as multiple sclerosis had 
something to do with making Lher- 
mitte’s sign one of the best known and 
most commonly used eponyms in the 
neurologic literature. Indeed, attrib- 
uting the name of Lhermitte, a superb 
clinician in the classic tradition of the 
French semiologic school of his epoch, 


to this sign is warranted, deserved, 
and indisputable. 


The help of Pierre Forgacs, MD, with transla- 
tion of the French literature is gratefully 
acknowledged. 
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Vestibular Testing in Comatose Patients 


U. W. Buettner, DrMed, D. S. Zee, MD 


@ The analysis of vestibular responses 
in a comatose patient often provides the 
critical information for making a correct 
preliminary diagnosis and directing the 
subsequent laboratory evaluation. Be- 
cause of some uncertainties about what is 
being tested with the various bedside 
maneuvers that are used to elicit vestibu- 
lar responses, we review the physiologic 
basis for the oculomotor responses that 
occur with head rotation or with caloric 
stimuli. We further urge precise and 
unambiguous terminology to describe 
both stimulus and response. We suggest 
using physiologically well-defined terms 
such as vestibulo-ocular reflex and cervi- 
co-ocular reflex and avoiding potentially 
misleading terms such as the doll’s head 
and the oculocephalic maneuvers. 

(Arch Neurol 1989;46:56 1-563) 


he evaluation of eye movements, 

and especially of vestibular re- 
flexes, is an integral, and, in many 
instances, the most critical aspect of 
the neurologic examination of the 
comatose patient.'’ Since the anatom- 
ic substrate underlying the generation 
of vestibular nystagmus is inter- 
twined with the brain-stem neurons 
subserving consciousness, the pattern 
of vestibular response often allows a 
distinction to be made among coma 
caused by metabolic alterations, by 
structural lesions in the brain stem, 
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and by structural lesions in the cere- 
bral hemispheres. Considering the 
important role of eye movement test- 
ing in comatose patients, it is surpris- 
ing that there is some confusion in 
how the results of the various maneu- 
vers used to elicit vestibular responses 
are interpreted. For example, is there 
a difference among the vestibulo-ocu- 
lar reflex, the oculocephalic reflex, 
and the doll’s head response? What 
are the relative contributions of 
inputs from the semicircular canals, 
otoliths, and neck proprioceptors to 
these responses? How do we describe 
the response to the doll’s head maneu- 
ver? What does a positive doll’s head 
phenomenon mean? Because of such 
ambiguities, we thought it would be 
useful to review the basic physiology 
of the bedside tests used to evaluate 
vestibular function and to make sug- 
gestions regarding terminology and 
interpretation. 


ELICITATION OF VESTIBULO-OCULAR 
RESPONSES 


In a general sense the vestibulo- 
ocular reflex refers to eye movements 
that occur in response to changes in 
the relative levels of activity of neu- 
rons between the vestibular nuclei. 
Such eye movements are compensato- 
ry for head motion, they attempt to 
stabilize the position of the eye in 
space so that one can see clearly even 
when the head is moving. 

Neurons within the vestibular 
nuclei can be driven not only by laby- 
rinthine inputs, from the semicircular 
canals and the otolith organs, but also 
by proprioceptive and visual inputs. 
Conventionally, though, we restrict 
the term vestibulo-ocular reflex 
(VOR) to the slow phases of nystag- 
mus that occur in response to a 


change in activity of the primary ves- 
tibular neurons innervating the laby- 
rinth and in particular the semicircu- 
lar canals. 

Anatomically, the elementary VOR 
comprises a three-neuron arc? includ- 
ing the primary vestibular (ganglion), 
the secondary vestibular (nuclei), and 
the oculomotor neurons. The natural 
stimulus for the VOR is rotation of 
the head. Because of the mechanics of 
the cupula-endolymph system, a 
change in the angular velocity of the 
head, ie, an angular acceleration, is 
the stimulus that elicits the VOR. 
Changes in the level of otolith activity 
can also lead to another type of VOR, 
the static counterroll (cyclotorsion) of 
the eyes that occurs in response to a 
sustained lateral head tilt.’ But unless 
otherwise specified, the term VOR 
refers to canal-mediated ocular 
responses. 

The term VOR is commonly applied 
both to en bloc rotation of the head 
and body, and to rotation of the head 
relative to the body. The latter condi- 
tion also involves sensory inputs from 
joint and muscle receptors in the neck, 
which elicit the cervico-ocular reflex 
(COR). The COR may be tested selec- 
tively by rotating the body under the 
head, with the head fixed in space, but 
the amplitude of the COR is low in the 
normal individual.'* Its contribution 
to compensatory slow-phase eye 
movements is negligible at the usual 
frequencies (1 to 2 Hz) of head rota- 
tion used in bedside testing.’ Only 
when a patient has chronically lost 
vestibular function, eg, from antibiot- 
ic ototoxicity, might one expect a sig- 
nificant contribution from the cervi- 
co-ocular reflex to ocular responses 
during head-on-body rotation.” 

The otolithic reflexes provide senso- 
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ry signals related to linear accelera- 
tions of which gravity is the most 
pervasive. Thus, the otoliths may 
potentially contribute to the VOR if 
the rotation of the head is around an 
axis such that the head is reoriented 
with respect to the pull of gravity (eg, 
pitch [vertical] rotation of the head 
around an earth-horizontal axis), or if 
the head is not only rotating, but also 
translating in the environment. Prac- 
tically, though, in normal individuals 
the contribution to the VOR of inputs 
from the otolith organs are negligible 
at the usual frequencies (1 to 2 Hz) of 
head rotation that are used in bedside 
testing.° 

Finally if rotation of the head is 
performed in the light and at frequen- 
cies below 1 Hz, visual-following 
reflexes including smooth pursuit eye 
movements may improve the perfor- 
mance of the VOR. In patients with 
depressed levels of consciousness, 
however, we can ignore the influence 
on the VOR of visual-following 
reflexes, since they are presumably 
held in abeyance. 

Caloric stimuli elicit vestibular 
responses by virtue of temperature- 
induced changes in the density of the 
endolymph, which in turn induce a 
convection torque acting on the cupu- 
la. Direct thermal effects on the nerve 
may also play a role in eliciting a 
caloric response, but in a normal grav- 
ity environment the response to con- 
vection currents predominates.'*> A 
unilateral caloric irrigation selective- 
ly activates a lateral semicircular 
canal when the head is positioned 
appropriately (30° above supine). 
Bilateral, simultaneous delivery of the 
same caloric stimulus purportedly can 
elicit a vertical nystagmus,’ but prob- 
ably only so in patients who have a 
lesion within the vestibular nuclei."® 

It should be mentioned here that 
the widely used term oculocephalic 
reflex may be misleading. The oculo- 
cephalic reflex is synonymous with 
the VOR induced during passive head- 
on-body rotation which, in normal 
individuals, depends almost exclusive- 
ly on excitation of the semicircular 
canals.'*'25 Likewise the term doll’s 
head maneuver is also used to 
describe the VOR elicited by a passive 
head-on-body rotation. The term orig- 
inally referred to the elevation of the 
lids and the upward rotation of the 
eyes when the head was flexed for- 
ward," but a positive dolls head 
response has come to mean the elicita- 
tion of a compensatory slow phase 
(without a quick phase) in response to 
a head-on-body rotation in either the 
vertical or the horizontal planes.’ 
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INTERPRETATION OF VESTIBULAR 
RESPONSES 

In the comatose patient the VOR, 
the doll’s head response, and the ocu- 
locephalic reflex all describe the 
response to the same stimulus: a pas- 
sive, head-on-body rotation, in the 
horizontal or the vertical plane, usual- 
ly performed with the patient in the 
supine position. The head may be 
moved rapidly from one position to 
another (“position step”), or the head 
may be oscillated back and forth for a 
number of cycles.‘ The following ques- 
tions are usually asked: Is there a slow 
phase of nystagmus, which would 
indicate the presence of a vestibular 
response? Is there a resetting quick 
phase, which would indicate a struc- 
turally-intact pontine or mesence- 
phalic reticular formation and which 
also excludes a significant depression 
of the level of consciousness? If there 
are no quick phases can both eyes be 
driven into the extreme contraversive 
positions in the orbit, which would 
indicate intact abducens and oculomo- 
tor nuclei, as well as the intervening 
medial longitudinal fascicles? Does 
the slow-phase deviation of the eyes 
appear to be fully compensatory, ie, 
when the head is rotated does gaze 
(the position of the eyes in space) 
remain stable with respect to the 
observer? 

Finally, can the eyes be held in an 
eccentric position in the orbit if the 
rotation of the head is stopped when 
the eyes are fully deviated in the 
orbit? The latter capability is primar- 
ily a function of the brain-stem/cere- 
bellar gaze-holding network, the so- 
called oculomotor position integrator. 
This neural mechanism provides the 
tonic innervation to hold the eyes in 
eccentric positions to gaze regardless 
of whether the eyes are taken there by 
a vestibular, saccadic, or smooth-pur- 
suit movement. Like the loss of quick 
phases, malfunction of the neural 
integrator, ie, inability to hold an 
eccentric position of gaze, may be a 
nonspecific sign of depression of 
brain-stem function. Potentially, 
changes in otolith inputs may also 
play a role in gaze holding if, at the 
point of stopping, the head has 
become reoriented with respect to 
gravity. Otolith influences on position 
holding, however, are probably much 
less important than those of the ocu- 
lar/motor position integrator, 
though careful studies of the influence 
of changes in otolith input on the 
static position of the eyes have not 
been performed in comatose patients. 
In any case otolithic influences on 
both the VOR and eccentric gaze- 


holding can be avoided by rotating the 
head about an earth-vertical axis. 

The presence or absence of quick 
phases is often critical to localizing 
lesions correctly. The loss of quick 
phases may be a nonspecific alter- 
ation due to depression of the reticu- 
lar activating system, either directly 
or through a loss of descending supra- 
tentorial influences. This is commonly 
the case in the early stages of a meta- 
bolically induced coma, though quick 
phases and spontaneous saccades may 
return with the emergence of a persis- 
tent vegetative state. On the other 
hand, the presence of quick phases, 
with rotation in one direction but not 
the other, often implies a focal struc- 
tural lesion, usually at an infratento- 
rial but occasionally supratentorial 
level. 

It should be noted that in a normal, 
awake subject, elicitation of the VOR 
may or may not produce quick phases 
depending on the particular set of 
instructions to the subject. If while 
the head is rotated the subject is 
instructed to fixate on an object that 
is stationary in the environment, 
quick phases will be suppressed and 
only smooth compensatory slow 
phases will be elicited. On the other 
hand, if the patient is given no special 
instructions both slow and quick 
phases of nystagmus may occur. In 
fact, the response to an unexpected 
passive rotation of the head in a nor- 
mal subject is a brief compensatory 
slow phase followed by a quick phase 
in the direction of head turning. If the 
head rotation is rapid, there will usu- 
ally be one, relatively large quick 
phase often called a vestibular- 
induced saccade. If the head rotation 
is slow, there may be a series of slow 
and quick phases. Thus, in awake sub- 
jects, rotation of the head, ie, the 
doll’s head maneuver, may produce 
either a combination of slow and 
quick phases or a smooth compensato- 
ry deviation of the eyes, depending on 
the instructions. Likewise, in patients 
with a depressed state of conscious- 
ness, even without structural damage 
in the brain stem, quick phases are 
suppressed so that with head rotation 
one only observes the slow-phase devi- 
ation of the VOR. This slow-phase 
deviation of the eyes without a correc- 
tive quick phase is what is commonly 
described as a positive doll’s head 
maneuver. 

The caloric test, like rotational 
tests, alters the level of activity with- 
in the vestibular nuclei albeit by stim- 
ulation of only one labyrinth. The 
caloric test differs from the usual 
head-on-body rotations in another 
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important way. The caloric stimulus 
is equivalent to a head rotation com- 
posed primarily of low frequencies. 
The caloric response may be absent 
even when one can elicit a brisk ves- 
tibular response during high-frequen- 
cy rotation of the head. Such is the 
case in many patients who have suf- 
fered from antibiotic ototoxicity.'* On 
the other hand, the caloric stimulus 
can be sustained for a much longer 
period of time than the usual brief 
head-on-body rotations possible at the 
bedside. Some patients, usually deeply 
comatose, may have little or no 
response to a brief head rotation, even 
when it is of high acceleration and 
velocity, yet show a pronounced ipsi- 
versive deviation of the eyes after a 
prolonged caloric stimulus, eg, 200 mL 
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of ice water. The response may be 
considerably delayed, up to one 
minute or even more. This delay per- 
haps reflects the time necessary to 
raise the level of activity in enough 
vestibular neurons to generate a 
response. In fact, combined stimula- 
tion by head rotation superimposed on 
caloric irrigation may be the most 
effective vestibular stimulus in a 
deeply comatose patient.? 

Finally, because of the confusion 
surrounding the many terms invoked 
to describe the bedside maneuvers 
used to elicit vestibular responses, 
and the ambiguity of what is a normal 
or a positive response, we suggest 
precise and quantitative descriptions 
of the nature of the stimulus and of 
the response. For example, with the 
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patient supine the head was oscillated 
horizontally for several cycles at a 
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ly compensatory contraversive devia- 
tion of the eyes in the orbit was 
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These findings are typical of a patient 
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Observations 


Lacunar Infarct of the Tegmentum 
of the Lower Lateral Pons 


C. Miller Fisher, MD 


è A stroke with a somewhat unusual 
neurologic formula was correlated with a 
small linear high-intensity T, focus in the 
lateral tegmentum of the lower third of the 
pons. The clinical features included 
dysarthria, staggering gait, incoordina- 
tion of handwriting, right facial weakness, 
nystagmus, ocular overshoot, right ap- 
pendicular ataxia, and left-sided dissoci- 
ated sensory loss for pain and tempera- 
ture. Lacunar lesions of the tegmentum in 
the region of the pontomedullary junction, 
while not uncommon, have not been 
studied pathologically and have not been 
reported in the magnetic resonance imag- 
ing literature, to my knowledge. 

(Arch Neurol 1989;46:566-567) 


he literature on lacunar infarction 

has perhaps been overburdened 
with a plethora of clinical syndromes, 
which at times are confusing in their 
subtle complexities.'” It is therefore 
not easy to justify attempting to add 
still another, one involving the lateral 
tegmentum of the lower pons. This 
step is possibly warranted on two 
counts: first, it illustrates the essen- 
tial role of magnetic resonance imag- 
ing (MRI) in the vascular field, and, 
second, it provides an opportunity to 
emphasize the point that small 
infarcts in the tegmentum of the low- 
er pons or the pontomedullary junc- 
tion have never (to my knowledge) 
been studied pathologically, are not 
detected by computerized tomography 
(CT), and have not been recognized by 
MRI. 


REPORT OF A CASE 


A right-handed hypertensive man, aged 
64 years, noted slurred speech and a wob- 
bly drunken gait one morning three hours 
after arising. He refrained from talking all 
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day and was able to sculpt normally. Next 
morning, speech and walking were 
unchanged, but handwriting was incoordi- 
nate. Later that day, on sitting back 
against the seat of his car, he experienced 
coolness in the right side of his back and 
his right leg but not in his left side. There 
was no change in the symptoms the next 
day. There had been no headache, diplopia, 
dizziness, numbness, or hiccups. His anti- 
hypertensive medication consisted of ate- 
nolol and captopril.. 

Examination 72 hours from the onset 
revealed normal intellect and memory. His 
speech was slightly slurred. His pupils 
were exactly equal and reactive to light. 
The ocular movements were full in all 
directions. Conjugate lateral gaze to the 
left evoked horizontal nystagmus of 1-mm 
amplitude. There was no vertical nystag- 
mus. On conjugate gaze from the left later- 
al position to center, there was a 0.5-mm 
overshoot to the right. On conjugate gaze 
from the upper position to center, there 
was a 0.5-mm deviation to the left with 
correction. Optokinetic nystagmus was 
described as “not well organized.” There 
was a slight right facial weakness and a 
delayed blink on that side. Sensation on 
the face was normal. Rapid la la la and mi 
mi mi sounds were well performed. The 
tongue was placed in each cheek with good 
strength. There was no dysphagia. Sweat- 
ing was equal on the two sides of the 
face. 

Motor power in the limbs was normal 
except for questionable weakness at the 
right shoulder. The tendon reflexes were 
equal on the two sides, and the plantar 
responses were flexor bilaterally. The jaw 
jerk was not increased. The abdominal 
reflex response to pinscratch was striking- 
ly greater on the right side. There was a 
slight cerebellar ataxia on the finger-nose 
and heel-knee-tibia tests on the right side. 
Handwriting was slow and irregular. Fin- 
ger tapping and toe tapping were slowed on 
the right. Sensation to pinprick and tem- 
perature was clearly impaired over the 
arm, trunk, and leg on the left side. Sensa- 
tion for vibration and joint position was 
normal. Light touch was better perceived 
on the right side. The sole of the left foot 
was less ticklish than the right sole. The 
patient walked briskly with good stride, 
reporting he had to concentrate to prevent 


staggering. With his eyes open, he could 
stand on each foot, although with much 
gyration. With the eyes closed, he could not 
stand on each foot. On walking a straight- 
line tandem, heel to toe, he sometimes 
toppled to the right, other times to the left. 
(His personal physician had by chance 
earlier in the day observed the patient 
staggering and lurching on the sidewalk.) 
His blood pressure was 160/100 mm Hg. 

Relevant laboratory studies of the blood 
were not remarkable. An electrocardio- 
gram was normal. A CT scan showed a 
low-density lacunar infarct in the right 
putamen, probably unrelated to the 
present illness. Magnetic resonance imag- 
ing showed a hyperintense T, focus in the 
right putamen and three hyperintense foci 
in the cerebral white matter. In addition, 
there was a linear focus of T, hyperintensi- 
ty in the anterolateral aspect of the lower 
third or fourth of the pons on the right 
side, consistent with a small infarct (Fig- 
ure). The abnormality was present on only 
one cross section. This lesion was not seen 
by CT. Flow voids were well demonstrated 
in the upper vertebral arteries and the 
lower basilar artery. An angiogram was 
not obtained. 


CLINICAL COURSE 


The patient was not reexamined but 
reported that in approximately two 
weeks, speech, balance, and handwrit- 





Magnetic resonance image at lower pontine 
level showing focus of T, hyperintensity in 
right lateral aspect of pons (arrow). 
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ing had become normal, and the sen- 
sory abnormality was less noticeable. 


COMMENT 


It was concluded that the lesion in 
the anterolateral part of the lower 
pons demonstrated on MRI satisfacto- 
rily explained the clinical picture. In 
that position, the right facial nerve 
could be involved (right facial weak- 
ness), as could the spinothalamic 
tract, which lies just lateral to the 
medial lemniscus (contralateral sen- 
sory loss). Damage to the nearby ves- 
tibular nuclei would account for the 
nystagmus and ocular instability. The 
right-sided appendicular cerebellar 
ataxia was attributed to involvement 
of the inferior cerebellar peduncle, 
which is immediately adjacent to the 
above-mentioned structures. The cer- 
ebellum itself was not affected, judg- 
ing from the MRI, and it is unlikely 
that a small lesion of the middle cere- 
bellar peduncle would cause such a 
widespread cerebellar deficit. The 
lesion lay lateral to the corticospinal 


system and had to occupy a very low 
position in the pons to affect the ipsi- 
lateral facial nerve. Apparently, the 
auditory system, trigeminal complex, 
and sympathetic pathway were 
spared. The MRI showed no involve- 
ment of the lateral medulla. The elon- 
gated abnormality seen by MRI sug- 
gested an infarction of the lacunar 
type, probably caused by ocelusion of 
a small penetrating artery, arising 
from the upper portion of the right 
vertebral artery or the lowermost 
basilar artery or a major branch of 
either of these arteries. The literature 
contains no report of the clinical-MRI 
correlation of a stroke at this particu- 
lar site. 

Strokes whose clinical features sug- 
gest infarction limited to the brain- 
stem tegmentum in the region of the 
pontomedullary junction, ie, without 
corticospinal involvement, are by no 
means rare, yet, to my knowledge, 
there has never been a clinicopatho- 
logic study of such a case, and CT does 
not have the capability of demonstrat- 


Loss of Spontaneous Blinking in a 
Patient With Balint’s Syndrome 


Robert T. Watson, MD, Steven Z. Rapesak, MD 


è A patient with Balint’s syndrome 
caused by bilateral parieto-occipital 
lesions lost spontaneous blinking, sug- 
gesting that humans, like nonhuman pri- 
mates, have parietal lobe neurons that are 
important for blinking. Although the func- 
tions of spontaneous blinking are not 
known, they may help initiate some sac- 
cades and, like saccades, be involved in 
the cancellation of thalamic inhibitory 
postsynaptic potentials, thereby facilitat- 
ing processing of new foveal targets. 
Spontaneous blinking may also facilitate 
sensory relay during sustained attention 
and, therefore, help prevent fading of a 
retinal image. 

(Arch Neurol 1989;46:567-570) 
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alint’s syndrome has three charac- 

teristic features: (1) optie ataxia, 
(2) disturbance of spatial attention 
(visual disorientation), and (3) psy- 
chic paralysis of gaze (ocular aprax- 
ia).' Spatial attention is concentrical- 
ly narrowed, so that only objects in 
foveal vision are attended despite 
intact visual fields. In addition, 
patients with Balint’s syndrome 
report that they see only one object in 
a simultaneous visual display of mul- 
tiple objects, a defect that has been 
called simultanagnosia.? It has been 
proposed that restricted visual atten- 
tion and simultanagnosia occur after 
bilateral damage to the ambient 
visual system,’ sparing the foveal sys- 
tem. The ambient visual system func- 
tions to signal the presence of periph- 
eral visual stimuli and shift attention 
from an object that is being viewed by 
the foveal system. Psychic paralysis 
of gaze refers to an inability to look 
toward a peripheral target even 
though eye movements can be shown 
to be intact. Psychic paralysis of gaze 
may also result from an inability to 


ing such lesions. Magnetic resonance 
imaging is the requisite tool. The 
stroke picture is usually complex, 
despite the small size of the lesion. 
When the infarct is close to the mid- 
line, there is usually vertigo, diplopia, 
internuclear ophthalmoplegia, hori- 
zontal gaze palsy, skew deviation, hor- 
izontal and vertical nystagmus, and 
sometimes numbness of the ipsilater- 
al side of the face. When the lesion is 
further laterally, the symptomatology 
should resemble that of the case 
described in this article. A clinico- 
pathologic study that bears on the 
present case’ involved the lateral teg- 
mentum of both the medulla and the 
lower pons, but in the present case, 
the lesion seemed clearly to spare the 
medulla. 
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attend to peripheral targets.’ Alterna- 
tively, it may be caused by a loss of 
parietal neurons that are involved in 
visually guided eye movements.** A 
recent report of simultanagnosia 
without psychic paralysis of gaze sug- 
gests that these signs are dissocia- 
ble.‘ 

In addition to these core features, 
patients with Balint’s syndrome do 
not blink to a peripheral visual threat. 
To our knowledge, a loss of spontane- 
ous blinks (SBs) has not previously 
been reported either in Balint’s syn- 
drome or as a result of cortical lesions. 
We describe a loss of SBs in a patient 
with Balint’s syndrome and explore 
possible relationships among SBs, 
attention, and psychic paralysis of 
gaze. 


REPORT OF A CASE 


A 41-year-old left-handed woman was 
treated for hypertensive encephalopathy. 
When discharged, her blood pressure was 
normal as were the results of her neurolog- 
ical examination. Three days later, she 
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complained of sudden bilateral visual loss. 
When examined, she was awake, alert, and 
anxious, complaining of an inability to see 
clearly. She had Gerstmann’s syndrome 
(right-left confusion, finger agnosia, acal- 
culia, and agraphia). She had no frontal 
lobe signs. Her pupils were 3 mm and 
reactive to light, and she had grade 3 
hypertensive changes on funduscopic 
examination. She could visually identify 
light and motion, and she walked with 
outstretched arms as if blind. Spontaneous 
random saccades showed no limitation of 
conjugate gaze. Her other cranial nerves 
were normal, as were tone and strength in 
all limbs. Deep tendon reflexes were sym- 
metrical, and the plantar responses were 
flexor. 

During the next few days, her visual 
acuity improved to 20/40 OD and 20/50 OS. 
Formal evaluation by Goldmann perime- 
try showed full visual fields, except for a 
possible small inferior nasal defect in the 
right eye. A more complete examination, 
then, showed the core features of Balint’s 
syndrome. Further details of some of her 
clinical findings have been published pre- 
viously.’ 

There was a dramatic decrease of her SB 
rate, without other evidence of bradykine- 
sia and with normal emotional expression. 
When first noticed, she blinked an average 
of one time per minute, with frequent 
one-minute periods during which no SBs 
occurred (normal rate, 12 to 24 SBs per 
minute*’). We counted her rate of SBs in a 
variety of settings: while testing for covert 
attentional shifts using a variation of the 
Posner paradigm’; during purposeful 
attempts to make her angry that resulted 
in scowls and voiced anger; during anxiety 
induced by presenting rubber snakes or 
handguns that made her appear fright- 
ened, turn away, and voice fear (interest- 
ingly even before overt identification of 
these objects); and while performing a 
wide range of laboratory tasks that 
explored the signs of her Balint’s syn- 
drome. We also counted blink rates on all 
videotapes that were recorded before and 
after we recognized that she was not spon- 
taneously blinking. Changing conditions 
did not alter her rate of SBs, which 
remained nil. She did not blink to a visual 
threat. Reflex blinking could not be 
induced by a strobe light at maximal inten- 
sity that was placed 20 cm directly before 
her eyes. Sounds that were delivered by 
earphones, loud enough to induce grimac- 
ing, failed to elicit a blink. She had brisk 
corneal reflexes and blinked normally to 
glabellar tapping with habituation after 
two to three taps. When asked to blink in 
rapid succession, she had normal-appear- 
ing blinks at a rate of 40/min to 50/min 
(normal rate, >150/min''). When asked to 
close her eyes and keep them closed, she 
showed no motor impersistence.'? Her SB 
rate has remained less than four per 
minute. These may be reflex blinks caused 
by undue dryness of her eyes, since these 
occur about two to four times per 
minute.” 

She frequently complained that parts of, 
or entire, objects at which she was looking 
would disappear. This fading of perception 


568 Arch Neurol—Vol 46, May 1989 


of a stabilized retinal image” was easily 
observed in that an object she was fove- 
ating could, at first, be identified, but if 
held stationary for a few seconds, while 
preventing her from making head move- 
ments, she would insist that the object was 
no longer present. 

A computed tomographic (CT) scan dur- 
ing her admission for hypertensive enceph- 
alopathy was normal. A CT scan, following 
her visual loss, showed a nonenhancing 
area of decreased density in the left pari- 
eto-occipital region that involved the angu- 
lar gyrus and part of the lateral occipital 
gyrus. A magnetic resonance imaging 
(MRI) scan confirmed this lesion and 
showed an additional lesion on the right 
side that involved the inferior portion of 
the angular gyrus and part of the lateral 
occipital gyrus. There were no frontal 
lesions on CT or MRI scans. The extent of 
cortical involvement is shown on the recon- 
struction of her MRI scans (Fig 1). The 
MRI scans in the coronal plane showed 
white-matter extension without evidence 
of thalamic or basal ganglia involvement 
(Fig 2). Cerebral angiography showed 
abnormalities in the distribution of the 
parieto-occipital branches of the posterior 
cerebral arteries. On the left side, this 
branch was absent, while on the right side, 
there was diminished flow. 


COMMENT 


Blinks may be voluntary, reflex, or 
spontaneous. Voluntary blinks are 
executed in response to an internal or 
external command. These are proba- 
bly mediated by the frontal lobes 
since patients with frontal lesions 
may not voluntarily blink or close 





Fig 1.—Cortical extent of lesions (shaded 
areas) as shown by reconstruction of magnet- 
ic resonance imaging scans. L indicates left 
side; R, right side. 


their eyes,'*'© and blinking has been 
produced by stimulating the posterior 
bank of the frontal eye field in mon- 
keys." Frontal lesions spare reflex 
blinks and SBs.'*’° 

Reflex blinks are an involuntary 
response to external stimuli. Brain- 
stem reflex blinks can be elicited by 
electrical or mechanical stimulation, 
and they require intact fifth and sev- 
enth cranial nerve nuclei and nerves.” 
Reflex blinking to a visual threat, 
bright light, or loud sound may have a 
cortical arc.” Our patient had pre- 
served brain-stem reflex blinking 
with a loss of blinking to a visual 
threat, bright light, and loud sounds; 
these findings suggested that the cor- 
tical are for these blinks was in the 
parieto-occipital region. 

Spontaneous blinks occur without 
an obvious internal effort and are not 
a response to identifiable external 
stimuli. Spontaneous blinking is 
reduced in disorders of the basal gan- 
glia, eg, Parkinson’s disease or pro- 
gressive supranuclear palsy, and after 
treatment with dopamine antago- 
nists.°325 This is not the result of 
facial akinesia.“ These observations 
have led to the conclusions that the 
central generator for SBs is in the 
basal ganglia*’”> and that the rate of 
SBs is a marker of central dopaminer- 
gic activity.” 

The loss of SBs in our patient indi- 
cates that the parieto-occipital region 
is important for SBs in humans. A 





Fig 2.—Depth of lesions (arrows) on coronal 
magnetic resonance imaging scan. L indicates 
left side; R, right side. 
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decisive role for the parietal lobe in 
blinking has been suggested by micro- 
electrode stimulation of parietal neu- 
rons in monkeys.” In this study, 
blinks were induced by stimulation of 
some neurons in area PG. The homo- 
logue of monkey area PG is the angu- 
lar gyrus in humans,” which was 
bilaterally involved in our patient. 

The functions of SBs are not known. 
Many investigators intuitively believe 
that an SB serves to protect or moist- 
en the eyes, but many observations 
refute this belief. Spontaneous 
blinking has often been related to 
attention.”*'*> Our patient could not 
shift attention to peripheral targets." 
When presented with a complex pic- 
ture, she fixated only one part, exhib- 
iting simultanagnosia. She appeared 
to have “spasm of fixation.” Spasm 
of fixation has been attributed to 
bilateral disruption of frontomesence- 
phalic systems and has been called 
global saccadic paralysis.* Our pa- 
tient had no evidence of frontal 
lesions on examination or radiograph- 
ically, and her loss of saccades was not 
global but was restricted to saccades 
toward peripheral targets. 

We believe that our patient had 
“spasm of attention” rather than 
spasm of fixation. Posterior parietal 
(area PG) neurons in monkeys are 
thought to be important for selective 
attention.” Normal persons can 
change their focus of visual attention 
without making an eye movement (co- 
vert attention).*' The process of covert 
orienting of attention involves disen- 
gaging attention from the current 
focus, moving attention to a new loca- 
tion, and engaging attention.”? Pa- 
tients with unilateral parietal injury 
are impaired in disengaging attention 
from a central or ipsilesional target to 
move attention to a contralesional 
target.” We believe our patient’s 
bilateral parietal lesions precluded 
disengaging attention, resulting in a 
spasm of attention. Since the parietal 
lobes are important for attending to 
events in extrapersonal space?’ and 
have neurons that are important for 
blinking,” there may be a functional 
association between attention and 
SBs. 

The nature of this association is 
uncertain. It is known that a target 
that requires identification, rather 
than just detection, will elicit a sac- 
cade after a covert attentional shift.” 
The saccade brings the detected target 
into foveal vision. The immediate pre- 
motor command for saccades is gener- 
ated by burst cells of the paramedian 
pontine reticular formation; these 
saccades are otherwise inhibited by 


Arch Neurol—Vol 46, May 1989 


tonically active pause cells in the mid- 
line of the caudal pons.“ It has been 
proposed that blinks reduce pause cell 
discharge and may thus influence sac- 
cade initiation, velocity, and ampli- 
tude.**** Blinks may thus facilitate the 
transition from covert to overt orient- 
ing of attention. An inability to orient 
attention covertly and the loss of pari- 
etal blink neurons may both contrib- 
ute to psychic paralysis of gaze in 
patients with Balint’s syndrome. 

In addition to facilitating some sac- 
cades, there may be a further func- 
tional link between blinks and sac- 
cades. It has been proposed that 
saccadic eye movements and blinks 
function to cancel previous visual 
input and clear the neural traces of 
past fixation.” The primary function 
of a saccade, however, is to bring a 
new target onto the fovea, and cancel- 
lation of the previous image may not 
be so important as enhancing thalam- 
ic sensory relay in preparation for 
optimal evaluation of the newly fove- 
ated stimulus. Enhancement of tha- 
lamic relay may correlate with a low- 
ering of detection threshold for stimu- 
li to which an eye movement has just 
been made.” The physiological basis 
of enhancement is the cancellation of 
thalamic inhibitory postsynaptic po- 
tentials (IPSPs) that are generated by 
feed-forward intrinsic thalamic inhi- 
bition and recurrent inhibition via the 
reticular nucleus of the thalamus.” 
This results in a brief period of com- 
plete suppression of all thalamic 
IPSPs just before the end of a saccade 
that serves to reset thalamic relay for 
optimal transmission of sensory 
information from the new target. It is 
possible that blinks are involved in 
this thalamic-resetting mechanism. 

Perhaps blinks, without a saccade, 
refresh transmission of attended tar- 
gets by a mechanism similar to the 
thalamic resetting associated with 
saccades. If an unchanging stimulus is 
stationary on the retina, it will disap- 
pear after 1 to 3 s (fading of a stabi- 
lized retinal image). Our pa- 
tient spontaneously complained of 
fading and was forced to thrust her 
head to a new location and return it to 
the object to recapture the visual 
image. Fading does not normally 
occur because of events that constant- 
ly change the movement and contrast 
of the retinal image.*!!3223 When 
fixating a stationary target, move- 
ments would be disruptive, and blinks 
might assume a more decisive role in 
preventing fading. The optimal time 
for perception is just after a sharp 
luminance change that occurs when 
fixation is interrupted by a blink, and 
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the maximal amount of information is 
sent to visual centers just after a 
saccade or blink.*!@!03-127) 


Disappearance of visual objects has 


been previously reported in a patient 
with Balint’s syndrome but attributed 
to eye movements away from the 
object.* Recently, fading during docu- 
mented fixation in a patient with nor- 
mal eye movements has been re- 
ported.’ This patient had bilateral 
superior occipital lesions, and fading 
was attributed to a disruption of 
attention mechanisms that permitted 


sustained awareness of visual targets. 


Since our patient did not have superi- 
or occipital lesions, the mechanism 
for sustained awareness must also be 
represented in the parietal lobes. The 
inability to attend extrafoveal events, 
together with intermittent fading of 
foveal targets, may lead to the “piece- 
meal” perception described by pa- 
tients with Balint’s syndrome. 

In the awake resting state, SBs 
occur at a rate that is constant for 
each individual. This implies that an 
SB is part of an intrinsic pacemaker 
system. Spontaneous saccades also 
occur in the absence of external input. 
This saccadic activity is not deliberate 
attentive scanning of the environment 
but is patterned spontaneous activity 
that allows sampling of information 
from the external environment.® 
Spontaneous blinking, like spontane- 
ous saccades, may be a patterned 
activity. In our patient, saccades to 
targets and SBs were both reduced, 
suggesting that the heteromodal pari- 
etal cortex, which contains neurons 
involved in saccades and SBs,” is 
involved in the modulation of these 
spontaneous activities. 

In summary, the parietal lobe has 
neurons that are important for blink- 
ing. These neurons may be involved in 
linking covert to overt orienting of 
attention. This functional linkage 
may help in initiating some saccades 
and participate in cancellation of tha- 
lamic IPSPs to enhance thalamic 
relay from the target of a saccade. In 
addition, during sustained attention, 
SBs might aid continued sensory pro- 
cessing by canceling intrinsic thalam- 
ic IPSPs and thus prevent fading of 
vision. 


The authors wish to thank Alan Rubens, MD, 
of the University of Arizona, Tucson, and Ken- 
neth Heilman, MD, and Edward Valenstein, MD, 
of the University of Florida, Gainesville, for 
their helpful suggestions and editorial com- 
ments. We also express our appreciation to Judy 
Catches (Dr Watson’s secretary) for her patience 
and diligence through many revisions. 
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WORKSHOPS: The workshops are held each day from 
7:00 a.m. to 1:00 p.m. They will emphasize a series of struc- 
tured exercises, utilizing appropriate animal bones, skeletal 

bones, bioplastics and biometals. 


NEUROSURGEONS—dissection skills for bonework of the 
Cranium and spine, including attention to bioplastics and 
biometals applicable to neurosurgery. 


OR PERSONNEL—dissection skills 
to become familiar with the applica- 
tions of power instrumentation; dis- 
cussion of and participation in prob- 
lem solving, care, and proper main- 
tenance of power equipment. 
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plays in the evenings. 
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September 6-7-8, 1989 


n Techniques of Bone, Biometals, Bioceramics, and Bioplastics”’ 


(NEURO/ORTHO/ORP 700) (Separate Hands-On Workshops) 


An Interdisciplinary Symposium for Neurosurgeons, 


Orthopaedic Surgeons, 


and Operating Room Personnel 


co-sponsored by the 


WEST VIRGINIA UNIVERSITY SCHOOL OF MEDICINE 


Department of Neurosurgery and 
Department of Orthopaedic Surgery 


and 
ALLEGHENY GENERAL HOSPITAL 
Department of Neurosurgery and 
Department of Orthopaedics 


= with 
MIDAS REX® INSTITUTE 


(Plastic, ENT, Craniofacial and Maxilofacial surgeons 
may attend the neurosurgical conference) 


Course Directors: 
Howard H. Kaufman, M.D. 
Philip J. Mayer, M.D. 
Gerald W. Pifer, M.D. 
Jack E. Wilberger, M.D. 
Susan Mitchell, Ed.D. 
Jane Mitchell, Ph.D. 
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WORKSHOPS: 7:30 a.m. - 1:30 p.m. each day. An Intensive 
series of hands-on exercises utilizing appropriate animal 
bones, skeletal bones, etc.: 


Orthopaedic Surgeons—dissection in small bones, large 
bones, spines, joint replacement, revision surgery, meth- 
ylmethacrylate, polyethylene, and biometals, including 

broken stem extraction. 


Neurosurgeons—dissection skills for bonework of the 
cranium and spine, including attention to bioplastics and 
biometals applicable to neurosurgery. 


OR Personnel—dissection skills to become familiar with 
the applications of power instrumentation; discussion of 
and participation in problem solving, care, and proper 

maintenance of power equipment. 


CREDITS: CME Credit Available. 


COURSE LOCATION AND ACCOMMODATIONS: Hyatt Pitts- 
burgh, 112 Washington Place, Pittsburgh, PA 15219. 

Phone: 412-471-1234. 
ENROLLMENT: Fee (US$): Surgeon $965.00; Resident $585.00 
(with letter from Department Head); All Operating Room Per- 
sonnel (RN/CST/PA/Other) $250.00. Make check to “Pittsburgh 
Symposium.” Mail to: Midas Rex Institute, 2929 Race Street, 
Fort Worth, Texas 76111. Phone: 800-433-7639 or 81 7-831-2604. 


Join the more than 7,250 enrollees who have completed 
Midas Rex Hands-On Workshops. (3,700 Orthopaedic 
Surgeons; 1,500 Neurosurgeons, 2,100 OR Personnel) 
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Neuropsychological Deficits in Choreoacanthocytosis 


Alice Medalia, PhD; Arnold Merriam, MD; Mark Sandberg, MA 


@ Little is known about the cognitive 
deficits associated with choreoacantho- 
cytosis. This case report focuses on the 
neuropsychological deficits of a woman 
diagnosed with choreoacanthocytosis. 
The similarity between her cognitive defi- 
cits and those of patients with Hunting- 
ton’s disease is consistent with the neuro- 
pathology of the two disorders. The find- 
ings of this study suggest that careful 
neuropsychological assessment of pa- 
tients with choreoacanthocytosis is war- 
ranted, since cognitive impairment may 
well be a clinical feature of the disorder. 

(Arch Neurol 1989;46:573-575) 


(Shoreoacanthocytosis is a rare dis- 

order of adult onset that is char- 
acterized by progressive neurologic 
abnormalities and erythrocyte acan- 
thocytosis. Neurologic signs include 
chorea, generalized seizures, tongue 
biting, oral dyskinesia, facial tics, 
dysarthria, hyporeflexia or areflexia, 
muscle atrophy, and pes cavus. Post- 
mortem neuropathologic studies have 
revealed that, as in Huntington’s dis- 
ease (HD), there is atrophy and asy- 
trocytic gliosis of the caudate, puta- 
men, and globus pallidus.' Despite 
these neuropathologic similarities, 
the neuropsychological characteris- 
tics of these two disorders have been 
reported to differ.'* Cognitive deterio- 
ration is variably present in choreo- 
acanthocytosis (Table) but is a promi- 
nent feature of HD. One reason for 
this apparent discrepancy may be the 
nature of the neuropsychological 
investigations that led to these con- 
clusions. Huntington’s disease is more 
prevalent, has been recognized for 
more than a century, and has thus 
been the subject of numerous detailed 
neuropsychological studies. In con- 
trast, choreoacanthocytosis is com- 
paratively rare and has only recently 
been described.*> Most reports have 
focused on the neurologic and hemato- 
logic features and have paid relatively 
less attention to cognitive status. 
Therefore, the prevailing belief that 
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there is minimal neuropsychological 
deterioration may be premature. 
This report discusses the neuropsy- 
chological features associated with a 
case of choreoacanthocytosis. Because 
of the neuropathologic and neurora- 
diologic similarities with HD, we were 
particularly interested to see whether 
our patient would demonstrate a 
memory deficit that, as is common in 
HD,° primarily affects retrieval as 
opposed to encoding processes. 


REPORT OF A CASE 


A 39-year-old right-handed woman, born 
in Puerto Rico, but a New York City resi- 
dent from the age of 2 years until adult- 
hood, was admitted to our neuropsychiatry 
service for evaluation of a disorder that 
had appeared three years previously. The 
disorder consisted of compulsive self-muti- 
lation involving head banging and involun- 
tary biting of her tongue and lips; vocal, 
facial, limb, and truncal tics; motor rest- 
lessness; gait impairment; and memory 
difficulties. In response to her growing 
desperation about her undiagnosed condi- 
tion, she had made three suicide attempts, 
none of which resulted in nervous system 
injury. 

Her medical history was remarkable for 
a thymectomy at 20 years of age, four years 
of alcoholism in her mid 20s, and a major 
motor seizure disorder that had been 
apparent since she was 27 years old. Sei- 
zures were well controlled with oral primi- 
done therapy (250 mg three times a day). 
Buspirone and trazodone hydrochloride 
had been prescribed for her anxiety and 
despair, with no effect. 

The patient’s family history was nega- 
tive for dementia, psychiatric disorder, or 
movement disorder, including tics. Her 
parents were nonconsanguineous. 

On examination she was alert and coop- 
erative but in obvious psychological dis- 
tress. She attempted to restrain herself 
from biting her lips and tongue by placing 
her fingers or a folded towel in her mouth, 
but she nevertheless had bleeding and 
scarred lesions of her oral mucosa and lips. 
The self-biting was described as a response 


Source, y 
Critchley et al, 1968 





Summary of Reported Cognitive Studies of Choreoacanthocytosis 


No. of Patients 
1 WAIS, MPD Present 


to an irresistible compulsion. The vocal ties 
involved involuntary humming and groan- 
ing; there was no coprolalia. There were 
tics and choreiform movements of her 
trunk and limbs. Her gait was marked by 
irregular choreic and lurching move- 
ments. 

Her cranial nerves were normal. Deep 
tendon reflexes were hypoactive and sym- 
metrical; pathologic reflexes were absent. 
There was equivocal proximal muscle 
weakness. The feet were highly arched. 
Sensation was intact to all modalities. 
There were no abnormalities of cerebellar 
function. 

Laboratory tests included routine chem- 
ical studies, the results of which were 
normal except for the serum creatine 
kinase level, which was elevated to 278 U/L 
(normal, 5 to 150 U/L). The serum choles- 
terol level of 6.18 mmol/L was slightly 
elevated (normal, <5.85 mmol/L) and 
therefore excluded abetalipoproteinemia. 
The complete blood cell count showed a 
normal hemoglobin level and hematocrit. 
Acanthocytes were present on the periph- 
eral smear, accounting for 10% to 20% of 
the erythrocytes. The electrocardiogram 
was normal. Cranial computed tomogra- 
phy showed mild generalized atrophy and 
striking focal atrophy of the caudate 
nuclei, resulting in a convex appearance to 
the lateral borders of the frontal horns 
(Figure), The electroencephalogram was 
normal. Results of electromyographic and 
nerve conduction velocity studies were nor- 
mal. j 


NEUROPSYCHOLOGICAL STUDY 


The patient had been educated in 
the United States; she had completed 
three years of college. Premorbid 
intelligence was estimated as average 
based on her educational history and 
reported grade point average while in 
college. She and her family had never 
noted cognitive deficits until one year 
earlier, when memory difficulties be- 
came apparent. She was taking primi- 
done (250 mg three times a day) at the 
time of testing. 





Tests * Dementia 









WAIS 






2 
Sakai et al,2 1981 4 Absent 






* WAIS indicates Wechsler Adult Intelligence Scale; MPD, Minnesota Perceptual Diagnostic Test; and WMS, 
Wechsler Memory Scale. 
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Contrast computed tomographic scan through 
frontal horns of lateral ventricals showing 
bilateral head of caudate atrophy. 


Intelligence 


The patient’s current level of intel- 
lectual functioning, which was in the 
dull normal range, was lower than 
expected, given her educational histo- 
ry. Her verbal, performance, and full- 
scale intelligence quotients were 84, 
80, and 82, respectively. Her scores 
ranged from 4 to 8, with the highest 
scores obtained on verbal subtests. 
The intelligence quotients indicated a 
mild dementia. 


Language Functions 


The patient’s speech was fluent but 
marked by vocal tics and dysarthria. 
Tongue biting and the consequent 
scarring and ulceration led to the 
articulation deficits. She evidenced a 
mild anomia on the Boston Naming 
Test. Sentence repetition and lan- 
guage comprehension (Token Test) 
were within normal limits. Reading 
comprehension was normal, but cho- 
rea interfered with writing skills. 


Initiation, Maintenance, and Shifting of 
Response Set 


The patient scored in the normal 
range on the Controlled Oral Word 
Association Test (FAS), a verbal flu- 
ency test, and on the Wisconsin Card 
Sorting Test. She achieved six catego- 
ries on the Wisconsin Card Sorting 
Test and made only two perseverative 
and 14 other errors. 


Verbal Abstraction 


The patient scored in the low aver- 
age range on the Similarities subtest 
of the revised Wechsler Adult Intelli- 
gence Scale, which measures analogic 
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reasoning. Simple proverbs were cor- 
rectly interpreted but she sometimes 
gave overpersonalized responses, eg, 
“Hit while you are mad,” for “Strike 
while the iron is hot.” 


Visuopractic Skills 


The patient accurately copied all 
the drawings on form C of the Benton 
Visual Retention Test. Puzzles were 
more difficult for her, and she scored 
in the impaired range on the revised 
Wechsler Adult Intelligence Scale 
Block Design and Object Assembly, 
two tests of constructional praxis. 
Dyskinesia contributed to the lower 
scores, in that these tests are timed. 
Qualitative analysis revealed a dis- 
crepancy between what she knew was 
correct and what she was able to do. 
She always recognized and replicated 
the gestalt of the design but was 
unable to match the inner detail, even 
though she could describe how the 
blocks should be placed. 


Attention 


Clinical observation during testing 
showed that the patient was able to 
shift and focus attention but had mild 
impairments in her ability to sustain 
attention for prolonged periods of 
time. She could repeat six digits for- 
ward and four backward. Rapid reci- 
tation of the alphabet was normal, but 
she made several errors on serial 
threes. 


Memory 


The patient obtained a memory 
quotient of 79 on the Wechsler Memo- 
ry Scale. This is discrepant from her 
estimated average premorbid level 
and indicates memory impairment. 
All subtest scores on the Wechsler 
Memory Scale were approximately 
1'% SDs below the mean for the gener- 
al population. More specialized tests 
of memory were administered. Her 
scores on recall tests, whether they 
were verbal or nonverbal, were consis- 
tently in the impaired range, but she 
performed well on recognition tasks. 
She scored five correct and nine errors 
on form D of the Benton Visual Reten- 
tion Test, which requires the patient 
to draw designs after a 15-s delay. In 
contrast, she obtained eight correct, a 
score indicative of normal function- 
ing, on the recognition version of this 
test. The Rey Auditory Verbal Learn- 
ing Test (RAVLT) was used to assess 
verbal recall, and a modification of 
the RAVLT developed by Butters et 
alé was used to test verbal recognition. 
Her recall was impaired on this list- 
learning test; after five trials she 
recalled nine of the 15 words. Recall 


after a 20-minute delay diminished to 
six, indicating impairment of either 
retention or retrieval. Performance on 
the recognition version of the RAVLT 
indicated that the low score on 
delayed recall was in fact due to poor 
retrieval. She recognized all 15 words 
on trial 5 and 14 words after a 20- 
minute delay. Thus she was able to 
encode and retain the words for recog- 
nition, even after a delay, but if asked 
to recall them she had difficulty. Her 
performance on the Buschke Selective 
Reminding Test also indicated intact 
storage with impaired retrieval for 
word lists of clothes and animals. 


Personality Functioning 


The Millon Clinical Multiaxial In- 
ventory was used to assess psychopa- 
thology and character structure. 
Results indicated dysthymia in a 
mixed personality disorder with bor- 
derline and dependent features. There 
was no evidence of psychosis. 


COMMENT 


The patient in this case evidenced a 
mild dementia, anomia, mild visuo- 
practic problems, and a retrieval defi- 
cit for verbal and nonverbal material. 
Patients with HD have been shown to 
have a similar pattern of deficits.** 
Since the neuropathologic and neuro- 
radiologic features of these two disor- 
ders are so similar, it is not surprising 
that the associated cognitive deficits 
would also be alike. These similarities 
raise several issues. Since both disor- 
ders involve clinical and anatomic 
basal ganglionic dysfunction, a specif- 
ic role of these structures in the cogni- 
tive processes that selectively deterio- 
rate may be suggested. This case 
report supports the hypothesis set 
forth by Butters et alí that patients 
with damage to the basal ganglia fail 
to initiate retrieval of memories. Fur- 
thermore, because of clinical similari- 
ties between HD and choreoacantho- 
cytosis, cases of alleged spontaneous 
mutation in HD, or HD with question- 
able paternity, should be investigated 
carefully for the presence of acantho- 
cytes. 

Generalizations about neuropsy- 
chological functioning in choreoacan- 
thocytosis obviously cannot be made 
from a single case report. However, 
since this is a rare disorder and it is 
difficult to aggregate patients for 
group studies, single case investiga- 
tions are a valuable means of deter- 
mining the presence and nature of 
associated cognitive deficits. The con- 
clusions that can be drawn about this 
case are limited by several factors. 
Premorbid neuropsychological test 


Choreoacanthocytosis—Medalia et al 


data were not available, so one can 
only estimate premorbid skills based 
on our patient’s educational history. 
Moreover, our patient was an alcohol 
abuser for four years. Even though 
she had not abused alcohol for a 
decade, it might be argued that some 
of her deficits were related to residual 
toxic effects of alcohol. It is worth 
noting that the patient and her family 
reported that memory problems had 
begun only in the last year and that 
she had not had difficulty with any 
cognitive functions prior to the onset 
of her movement disorder. 

As additional cases of choreoacan- 
thocytosis are evaluated, it will be 
helpful to determine whether the def- 
icits described above are as prevalent 


in this disorder as in HD, where it is 
regarded as a cardinal feature of the 
disease. 


We are grateful to Kenneth Gross, MD, who 
consulted on this case. 
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Chronic Myopathy With a Partial Deficiency of the 
Carnitine Palmityltransferase Enzyme 


Raphael I. Kieval, MD; Ana Sotrel, MD; Michael E. Weinblatt, MD 


è To date, chronic myopathy has not 
been reported (to our knowledge) to 
occur in carnitine palmityltransferase 
(CPT) deficiency, a disorder of muscle 
lipid metabolism. We describe two 
patients with CPT deficiency: a mother, 
who had a partial CPT deficiency associ- 
ated with fixed proximal weakness but 
without rhabdomyolysis, and her son, who 
had a complete CPT deficiency (95% 
reduction in enzyme activity) and who 
suffered from classic attacks of exercise- 
induced rhabdomyolysis but had normal 
strength on recovery. Careful examina- 
tion of family members of patients with 
complete CPT deficiency is suggested in 
order to identify clinically affected het- 
erozygotes. 

(Arch Neurol 1989;46:575-576) 


arnitine palmityltransferase (CPT) 
deficiency, first recognized in 
1973,’ is a disorder of muscle lipid 
metabolism that leads to attacks of 
rhabdomyolysis, severe myalgia, and 
myoglobinuria.** Precipitating factors 
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include sustained exercise, fasting, 
lack of sleep,‘ cold exposure,’ and viral 
illness.’ Muscle strength and serum 
muscle enzyme levels are typically 
normal between episodes. Chronic 
myopathy has not been associated 
with deficiency of this enzyme, unlike 
the glycogen storage diseases, such as 
phosphorylase and phosphofructoki- 
nase deficiencies, in which chronic 
myopathy can develop.? We describe a 
family in which the mother, who had 
a partial CPT deficiency, developed a 
chronic proximal myopathy, and the 
son, who had a complete CPT deficien- 
cy, developed recurrent rhabdomyoly- 
sis. 


REPORT OF CASES 


Case 1.—A previously healthy 17-year- 
old boy was hospitalized for extreme mus- 
cle stiffness and “coffee-colored urine” fol- 
lowing a day of vigorous skiing. Serum 
aspartate aminotransferase and lactate 
dehydrogenase levels were elevated. Two 
similar episodes occurred during the next 
year, and each was preceded by prolonged 
exercise. 

At the age of 19 years, he experienced 
another episode of diffuse muscle tightness 
and pain, nausea, vomiting, and excretion 
of dark-colored urine following sustained 
physical exertion and alcohol ingestion. 
His physical examination was notable for 
diffuse proximal muscle weakness and ten- 
derness. The serum creatine kinase level 
was 50000 U/L (normal range, 0 to 150 
U/L); serum aspartate aminotransferase, 
6620 U/L (normal range, 8 to 50 U/L); and 


serum lactate dehydrogenase, 2830 U/L 
(normal range, 80 to 250 U/L). The serum 
creatinine level rose from 335 umol/L on 
admission to 1397 „mol/L, with a peak 
serum urea nitrogen level of 47.1 mmol/L. 
Hemodialysis was initiated, and the 
patient was transferred to our institution. 
Renal function normalized within four 
weeks. 

The patient was a college junior with no 
other significant medical history. He was 
taking no medications or recreational 
drugs except for occasional alcohol intake. 
His mother had a history of muscle stiff- 
ness after prolonged exercise (case 2), and 
his father had retinitis pigmentosa. An 
older brother was normal, with no exercise 
intolerance. 

One month after discharge he was 
admitted to the Clinical Research Unit, 
Beth Israel Hospital, Boston, where a 
repeated examination revealed normal 
muscle strength and bulk. Laboratory test- 
ing disclosed normal serum urea nitrogen, 
creatinine, liver enzyme, and creatine 
kinase levels. A 72-hour fast showed nor- 
mal levels of glucose, insulin, and creatine 
kinase. Ketones were not detected in the 
serum; however, ketones appeared in the 
urine at 48 hours and persisted. Serum 
triglyceride levels rose from 1.27 mmol/L 
to 2.73 mmol/L during the 72-hour fast. 
Electromyography of the biceps, deltoid, 
and quadriceps muscles after 72 hours of 
fasting demonstrated a myopathic pattern 
with small-amplitude polyphasic poten- 
tials and diminished interference pattern 
amplitude. A contralateral deltoid muscle 
biopsy revealed variation in fiber size 
without any myopathic changes (Figure, 
left). Histochemical stains demonstrated a 
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Left, Cross section of isopentene-frozen deltoid muscle biopsy specimen showing variability in fiber size (hematoxylin-eosin, 
X250). Right, Cross section of same muscle with grouping of type | fibers that contain increased amount of lipid droplets (oil 
red O, X250). 


tendency to fiber-type grouping, and an oil 
red O stain revealed an unusually large 
amount of lipid in the type I fibers (Figure, 
right). Biochemical analysis of the muscle 
demonstrated low levels of CPT. The CPT 
activity was 5% of normal at 3.6 nmol/ 
min/g (normal, 69.9 + 18.2 nmol/min/g) 
by isotope exchange and 23.2 nmol/min/g 
(normal, 1353 + 244.2 nmol/min/g) by 
reverse isotope exchange. 

A high-carbohydrate, low-fat diet was 
prescribed, and avoidance of prolonged 
exercise was recommended. With this regi- 
men, the patient has had fewer episodes of 
muscle pain. 

Case 2.—The 60-year-old mother of the 
patient in case 1 had a 15-year history of 
lower-extremity muscle pain and stiffness, 
particularly following prolonged exercise. 
She denied any episodes of dark-colored 
urine but had noted progressive leg weak- 
ness. 

On examination there was proximal 
muscle weakness of the hip and shoulder 
girdles, and the patient was unable to rise, 
unassisted, from a squatting position. 
Results of the remainder of her neurologic 
examination were normal. 

The electromyogram showed myopathic 
changes with increased, brief, small- 
amplitude polyphasic potentials and myo- 
pathic interference units. A quadriceps 
muscle biopsy demonstrated marked vari- 
ation in diameter of muscle fibers and 
conspicuous absence of other myopathic 
changes. Histochemical stains showed nor- 
mal fiber-type differentiation. The oil red 
O stain revealed a normal amount of lipid 
except for a single fiber with markedly 
increased number and size of lipid drop- 
lets. Results of biochemical analysis were 
consistent with a partial deficiency of CPT 
(50% of normal), with levels of 40.8 nmol/ 
min/g (normal, 78.3 + 14.4 nmol/min/g) 
by isotope exchange and 310 nmol/min/g 
(normal, 1358 + 400 nmol/min/g) by 
reverse isotope exchange. The level of car- 
nitine acyltransferase was 1.52 nmol/min/ 
g (normal, 1.90 + 0.60 nmol/min/g) by 
spectrophotometric analysis. 
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COMMENT 


This article presents the first 
reported case (to our knowledge) of 
persistently symptomatic CPT defi- 
ciency affecting two generations of 
one family. Occurrence of cases 
among siblings is common,‘ and sever- 
al reports describe diminished CPT 
levels in leukocytes, fibroblasts, and 
thrombocytes of parents of affected 
children,” although muscle CPT was 
not assayed. The pattern of partial 
deficiency in parents of affected off- 
spring suggests autosomal recessive 
transmission.'!! The phenotypic pat- 
tern in the present family is consis- 
tent with autosomal recessive inheri- 
tance. The mother (case 2) had a 50% 
reduction in muscle CPT, while her 
son (case 1) had a 95% reduction in 
enzyme activity, suggestive of the 
homozygous state. 

Another unique feature is the pres- 
ence of a long-standing, continuous 
muscle weakness in the heterozygote, 
a feature not previously described in 
CPT deficiency, to our knowledge, 
although it is seen in muscle carni- 
tine, phosphorylase, phosphofructoki- 
nase, adult acid maltase, and 
debrancher deficiencies.? The reason 
for the rarity of chronic muscle dis- 
ease in CPT deficiency is unknown. 

This report documents the presence 
of symptomatic fixed-muscle weak- 
ness in a patient with a partial defi- 
ciency of CPT. The patient’s son 
exhibited the classic syndrome associ- 
ated with a complete deficiency of the 
enzyme. Obtainment of a detailed 
family history and careful examina- 
tion of family members are suggested 
in patients with deficiency of the CPT 
enzyme. 
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RR-01032 from the General Clinical Research 
Centers Program of the Division of Research 
Resources, National Institutes of Health, Bethes- 
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WORKSHOPS: 7:30 a.m. - 
series of hands-on exercises utilizing appropriate animal 


bones, skeletal bones, etc.: Hotel, 1150 West Cerritos Avenue, Anaheim, CA 92802, 


1:30 p.m. each day. An Intensive 


| ANAHEIM, CALIFORNIA october 19.20.21, 1989 


(Immediately baedi the Western Orthopaedic Association meeting.) 


“Modern Dissection Techniques Of 


Bone, Biometals, Bioceramics, and Bioplastics” 


(ORTHO/NEURO 700) (Separate Hands-On Sessions) 


An Interdisciplinary Symposium/Workshop for 
Orthopaedic Surgeons and Neurosurgeons 


sponsored by the 


MIDAS REX® INSTITUTE 


(Plastic, ENT, Craniofacial and Maxillofacial surgeons may attend the neurosurgical conference.) 


SYMPOSIUM FORMAT 


Orthopaedic Surgeons—dissection in small bones, large 


bones, spines, joint replacement, revision surgery, methyl- 
methacrylate, polyethylene, and biometals, including 
broken stem extraction. 


Neurosurgeons—dissection skills for bonework of the 
cranium and spine, including attention to bioplastics and 


biometals applicable to neurosurgery. 








The Department of Neurology at 
Temple University School of Medi- 
cine is seeking two (2) BC/BE 
Neurologists for full-time positions, 
available in July, 1989, at the 
Assistant Professor level. Candi- 
dates should have expertise in 1) 
EEG, Epileptology and Intensive Sei- 
zure Monitoring preferably with ex- 
perience with both adults and chil- 
dren or 2) EMG and Neuromuscular 
Disease. Applicants should reply to: 


H. Branch Coslett, M.D. 

Department of Neurology 

Temple University School of 
Medicine 

3401 North Broad Street 

Philadelphia, PA 19104 


Temple University is an Equal Opportunity / 
Affirmative Action Employer. 














KALAMAZOO 
NEUROLOGICAL INSTITUTE 


FELLOWSHIP IN 
NEUROIMAGING 
COMMENCING 
JULY 1, 1989 


A one year neuroimaging fellowship is being 
offered in an established Magnetic Resonance 
Imaging Center at the Kalamazoo Neurological 
Institute. The center operates a 1.5 Tesla 
system and a fourth generation CT scanner. 
The fellowship will emphasize magnetic reso- 
nance imaging, and CT scanning of the brain 
and spine disorders. 


The Kalamazoo Neurological Institute is affiliat- 
ed with Borgess Medical Center, a 450 bed 
tertiary care facility with very active neurology 
and neurosurgery departments. 


Eligibility: The Fellowship is open to individuals 
who have successfully completed an accred- 
ited residency in Neurology or Neurosurgery. 


Application: Send curriculum vitae and two 
references to: 


llydio Polachini, Jr., M.D. 
Neuroimaging Program Director 
Kalamazoo Neurological Institute 
1700 Gull Road 

Kalamazoo, Michigan 49001 


Equal Opportunity Employer 












Course Directors: 
James DeBoer, Ph.D. 
Susan Mitchell, Ed.D. 





CREDITS: CME Credit Available. 
COURSE LOCATION AND ACCOMMODATIONS: Disneyland 


714-778-6600. 


ENROLLMENT: Fee (US$): Surgeon $965.00; Resident $585.00 
(with letter from Department Head); All Operating Room Per- 
sonnel (RN/CST/PA/Other) $250.00. Make check to “Anaheim 
Symposium.” Mail to: Midas Rex Institute, 2929 Race Street, 
Fort Worth, Texas 76111. Phone: 800-433-7639 or 817-831-2804. 


Join the more than 7,100 enrollees who have completed Midas Rex Hands-On Workshops. 
(3,650 Orthopaedic Surgeons; 1,450 Neurosurgeons; 2,050 OR Personnel) 


PEDIATRIC NEUROLOGY 
FACULTY POSITION 


A faculty position is available in the 
Department of Pediatrics, Division of 
Pediatric Neurology, at the University 
of Florida College of Medicine in Gaines- 
ville, FL. Candidates must be board 
certified in Neurology with special 
competence in Pediatrics and will have 
a dual appointment in the Department 
of Neurology. Candidates must have 
given evidence of excellence in patient 
care and teaching as well as have 
shown a strong commitment to inves- 
tigative work. Anticipated starting date 
is September 1, 1989. Recruiting dead- 
line is July 1, 1989. Anticipated rank 
will be Assistant/Associate Professor. 
Salary will be based on experience. 
Please send CV and cover letter to: 
Steve A. Freedman, Ph.D., Department 
of Pediatrics, ICHP Box J-296, JHMHC, 
Gainesville, FL 32610. The University is 
an Equal Opportunity Employment/Af- 
firmative Action Employer. 
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WEST PALM BEACH 


529 25th Street 


th MIDAS REX® INSTITUTE 


HANDS-ON WORKSHOPS* 


“Modern Dissection Techniques Of Bone, Biometals, Bioceramics, and Bioplastics” 


NEUROSURGICAL SYMPOSIA (NEURO 700) 
JUNE 8-9-10 © 19-20-21 SEPTEMBER 18-19-20 
JULY 10-11-12 © 20-21-22 
AUGUST 78-9 » 21-22-23 


WORKSHOPS: The workshops are held each day from 7:00 a.m. 
to 1:00 p.m. They will emphasize a series of structured exercises, 
utilizing appropriate animal bones, bioplastics and biometals. 
NEUROSURGEONS—dissection skills for bonework of the cranium 
and spine, including attention to bioplastics and diometals ap- 
plicable to neurosurgery. 
OR PERSONNEL—dissection skills to become familiar with the appli- 
cations of power instrumentation; discussion of and participation in 
problem solving, care, and proper mainte- 
nance of power equipment. 
AREA ATTRACTIONS: 
SPECTATOR SPORTS—Basebaill, Jai Alai, 
Greyhound Racing, Polo, Golf, Tennis, 
Sailing. Y , 
PARTICIPANT SPORTS—Golf, tennis, swim- į 
ming, sanni racquetball. ` 
SIGHTSEEING—Lion Country Safari, White- , 3 
hall (Henry Flagler mansion), Hibel Museum 4; 3 
of Art, Science Museum, Morikami Museum, = 
Norton Art Gallery, Society of the Four Arts. 
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Also Plastic, ENT, Craniofacial, Maxillofacial, etc. 


OCTOBER 2-34 œ 16-17-18 
NOVEMBER 6-78 ¢ 16-17-18 © 30-Dec. 1-2 
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THE CLEVELAND CLINIC FOUNDATION 


Department of Neurosurgery 


ORTEN ar ga (ORP 700) 
sia for ersonnel only: 
JUNE 56-7 : 
SEPTEMBER 14-15-16 
SHOPPING—In the old world style is Worth Avenue with some of 
the best boutiques in the world and many other malls and stores 
throughout Palm Beach County. 
DINING—There are 2,000 restaurants to choose from in the area 
with many boasting 5 star ratings. 


ENROLLMENT: Fee (US$): Surgeon $965.00; Resident $585.00 
(with letter from Department Head); All Operating Room Personnel 
(RN/CST/PA/Other) $250.00. Make check to “Palm Beach Sym- 
posium.” Mail to: Midas Rex Institute, 2929 Race Street, Fort Worth, 
Texas 76111. 

Phone: 800-433-7639 or 817-831-2604. 


* Join the more than 7,100 enrollees who have completed Midas Rex Hands- 
On Workshops. 
Í Surgeons; 1,450 Neurosurgeons; 2,050 


(3,650 Orthopaedic 
OR Personnel) sag 
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MIDAS REX® INSTITUTE 


“Modern Dissection Techniques Of 
Bone, Biometals, Bioceramics, and Bioplastics” 


A Neurosurgical Symposium/Hands-On Workshop 


(NEURO 700)* 


(Plastic, ENT, Craniofacial and Maxillofacial 


August 9-10-11, 1989 


surgeons may attend this conference) 


Course Directors: 
Issam A. Awad, M.D.; Robert Murray, Ph.D.; Susan Mitchell, Ed.D. 


SYMPOSIUM FORMAT 


WORKSHOPS: The Midas Rex Hands-On Workshops will be 
held each day from 7:30 am to 1:30 pm. The workshop will em- 
phasize a series of hands-on exercises, utilizing appropriate 
animal bones, skeletal bones, bioplastics and biometals for 
dissection in the cranium and spine. Methylmetnacrylate and 
biometals, as they are related to neurosurgery will also be 
considered. Guest lecturers will present clinical aspects of 
spinal and cranial procedures and video tapes of clinical pro- 

cedures wil) be available. 


CREDITS: C.M.E. credit available. 


*There will be simultaneous Orthopaedic (Ortho 700) and Operating Room Personnel ( 


Join the more than 7,100 enrollees who have completed Midas Rex Hands-On Workshops 





COURSE LOCATION AND ACCOMMODATIONS: The Clinic 
Center Hotel, 2065 East 96th Street, Cleveland, OH 44106. 

Phone: 800-321-7100 or 800-362-8608 (In Ohio). 
ENROLLMENT: Fee (US$): Surgeon $965.00; Resident $585.00 
(with letter from Department Head); All Operating Room Per- 
sonnel (RN/ORT/PA/Other) $250.00. Make check to “Cleveland 
Symposium.” Mail to: Midas Rex Institute, 2929 Race Street, 
Fort Worth, Texas 76111. Phone: 800-433-7639 or 817-831-2604. 


ORP 700) Symposia at the same time in 
separate rooms. 


. (3,650 Orthopaedic Surgeons; 1,450 
Neurosurgeons; 2,050 OR Personnel) 








Joubert’s Syndrome Associated With Congenital 
Ocular Fibrosis and Histidinemia 


Richard E. Appleton, MB; David Chitayat, MD; James E. Jan, MD; Ross Kennedy, MD; Judith G. Hall, MD 


@ We describe a 16-month-old girl with 
Joubert’s syndrome (JS), congenital ocu- 
lar fibrosis, and histidinemia. Abnormal 
respiration, ptosis, and minimal eye 
movements were observed in the neona- 
tal period. Intraoperative examination of 
the eyes later demonstrated severely 
restricted eye movements and abnormal 
insertions and fibrosis of the extraocular 
muscles. Computed tomography of the 
head revealed absence of the corpus cal- 
losum and brain stem. Histidine levels 
were elevated in the blood, urine, and 
cerebrospinal fluid. The patient was atax- 
ic and developmentally delayed. To our 
knowledge, the association of JS with 
congenital ocular fibrosis has not previ- 
ously been described. This report indi- 
cates that jerky eye movements are not 
an invariable finding in JS. 

(Arch Neurol 1989;46:579-582) 


_) oubert’s syndrome (JS) is a rare 

disorder characterized by episodic, 
panting tachypnea, jerky eye move- 
ments, ataxia, psychomotor retarda- 
tion, and agenesis of the vermis of the 
cerebellum.'? It may be associated 
with a number of ocular abnormali- 
ties, notably strabismus, colobomas, 
and congenital retinopathies.** We 
describe a female infant in whom JS 
was associated with congenital fibro- 
sis of the extraocular muscles (con- 
genital ocular fibrosis) and histidi- 
nemia, a combination that, to our 
knowledge, has not been reported pre- 
viously. 


REPORT OF A CASE 


The patient was a 16-month-old girl, the 
only child of healthy, unrelated parents. 
The mother was 24 years of age and the 


Accepted for publication July 6, 1988. 
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Department of Ophthalmology (Dr Kennedy), 
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Columbia, British Columbia’s Children’s Hospi- 
tal, 4480 Oak St, Vancouver, British Columbia, 
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father was 28 years of age. There was no 
family history of consanguinity, spontane- 
ous abortions, or relevant neurologic dis- 
ease. The pregnancy was complicated by 
poor fetal movements in the final two 
months of gestation. The patient was deliv- 
ered three weeks after term by emergency 
cesarean section for fetal bradycardia. No 
resuscitation was required, and the Apgar 
scores were 6 and 7 at one and five 
minutes, respectively. The birth weight 
was 4.0 kg; length, 55.5 em; and head 
circumference, 34.5 cm. At birth there was 
hypotonia. The findings of the rest of the 
examination were normal. At 48 hours of 
age, a panting respiratory pattern with 
tachypnea (up to 200 breaths per minute), 
alternating with apnea (up to 30 s), was 
observed. Findings of chest roentgenogra- 
phy, arterial blood gas analysis, and cul- 
tures of the blood, urine, and cerebrospinal 
fluid were normal. 

During the first few months of life, there 
were feeding difficulties accompanied by 
frequent choking spells. The respiratory 
pattern remained intermittently ta- 
chypneic, but there were no further apneic 
episodes. There was rhythmic protrusion 
of the tongue. The patient demonstrated 
hypotonia; developmental delay; bilateral 
ptosis, which was more marked on the left; 
minimal external eye movements; and exo- 
tropia of the left eye. Although she would 
fixate equally with either eye, she was 
thought to be visually impaired. Vestibulo- 
ocular, cold caloric, and pupillary 
responses were absent. Results of refrac- 
tion, funduscopy, flash visual evoked 
responses, and electroretinography were 
normal. 

On examination at 11 months of age, the 
head was tilted back and to the right. 
There was flattening of the right side of 
the face and skull. The occiput was flat and 
there was ridging of the sagittal and 
metopic sutures. The forehead was narrow 
and there was frontal bossing. The nasal 
bridge was broad, the nose small and 
pointed, and the philtrum long and well 
formed. Bilateral ptosis was still present 
(Fig 1). The right eye was in the midline 
and demonstrated no voluntary move- 
ments. The left eye was deviated inferiorly 
and laterally, occasionally drifting slightly 
to either side. Both pupils were 4 mm in 
diameter and were nonreactive. Corneal 
responses were difficult to interpret but 
were considered to be present. Visual acu- 
ity, measured by pattern fixation, showed 
a preference for the right eye. The patient 
had learned to move her head to sean her 


environment. Stilling and searching re- 
sponses to auditory stimuli were present 
but variable and appeared to be better for 
low-frequency sounds. The respiratory 
pattern was normal. Head control was 
poor and the patient drooled saliva. Tongue 
thrusting was marked and was not associ- 
ated with any fasciculations. The soft and 
hard palates appeared to be normal, the 
uvula was bifid, and the gag reflex was 
diminished symmetrically. Palatal myoclo- 
nus was not observed. Facial movements 
were poor bilaterally. Muscle tone was 
reduced in the neck and trunk but 
increased in the limbs. The deep tendon 
reflexes were increased symmetrically. 
Plantar responses were extensor. Sensory 
examination, using tickle and pinprick 
stimuli, appeared to be normal. Findings of 
the remainder of the physical examination 
were normal. 

Results of the following laboratory 
investigations were normal or negative: 
complete blood cell count; serum urea, cre- 
atinine, electrolyte, calcium, and phos- 
phate, fasting blood glucose, lactate, cho- 
lesterol, triglyceride, and ammonia levels; 
blood gas analysis; liver function tests; 
high-resolution chromosome analysis; 
studies for toxoplasmosis, rubella, cyto- 
megalovirus, and herpes simplex infection; 
urinary organic acids; cervical spine and 
chest roentgenography; renal ultrasonog- 
raphy; two-dimensional echocardiography; 
nerve conduction studies; electromyogra- 
phy; electroencephalography; and an intra- 
venous edrophonium chloride (Tensilon) 


gi) £ re. 





Fig 1.—Patient at 9 months of age before 
surgery to left eye. 
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test. Plasma amino acid analysis, per- 
formed three times, demonstrated elevated 
levels of histidine at 665, 596, and 562 
umol/L (normal, 22 to 108 mol/L). Urinal- 
ysis revealed elevated levels of histidine. 
Histidase activity was not measured. Cere- 
brospinal fluid analysis showed the level of 
histidine to be elevated at 83.4 umol/L 
(normal, 0.5 to 17 umol/L). The concentra- 
tions of dopamine, serotonin, noradrena- 
line, and y-aminobutyric acid in the cere- 
brospinal fluid were normal. A barium 
swallow showed moderately severe gastro- 
esophageal reflux. Brain-stem auditory 
evoked responses demonstrated brain- 
stem dysfunction and also impairment of 
the cochleovestibular apparatus bilateral- 
ly. Electromyography of the facial and 
extraocular muscles was not performed. 
Computed tomography of the head 
revealed agenesis of the vermis of the 
cerebellum and a complete midline cleft 
separating the cerebellar hemispheres. 
The pons and midbrain appeared to be 
abnormal, with thin, attenuated cerebellar 
peduncles. The fourth ventricle was large 
and of an unusual shape. The interhemi- 
spheric fissure was deep, suggesting dys- 
genesis of the corpus callosum (Figs 2 
through 4). 

A patching program was instituted to 
overcome the fixation preference of the 
right eye. This proved to be ineffective 
because the ptosis and limited extraocular 
movements prevented fixation with the 
left eye. At 11 months of age, surgical 
repair of the ptosis and strabismus was 
attempted. At the request of the parents, 
surgery was confined to the left eye. Dur- 
ing surgery, forced traction tests per- 
formed on both eyes demonstrated 
restricted movements in all directions, 
particularly on the left. The left superior 
rectus muscle was replaced by a 4-mm- 
wide fibrotic band attached approximately 
4 mm posteriorly to the normal insertion 
onto the globe. The left lateral rectus was 
similarly affected. A frontalis sling made 
of synthetic material was used to correct 
the ptosis. Recessions of the left superior 
and lateral rectus muscles were also per- 
formed. Tissue was not obtained for histo- 
logic analysis. 

At 16 months of age, the patient had 
poor head control, truncal hypotonia, atax- 
ia, increased muscle tone, and exaggerated 
deep tendon reflexes in all four limbs. The 
child was unable to sit without support, did 
not play with toys, and had no recognizable 
words. Voluntary eye movements had 
increased slightly. The vestibulo-ocular 
responses were absent, and the pupils 
remained nonreactive. Vision was normal. 
The tongue continued to demonstrate 
rhythmic thrusting movements, and there 
was persistent drooling. The respiratory 
pattern remained normal. 


COMMENT 


Although JS is rare, it has been 
reported frequently.'"* The diagnosis 
is based on a combination of both 
clinical and neuropathologic or neuro- 
radiologic findings. The characteristic 
clinical features are a respiratory pat- 
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Fig 2.—Axial 5-mm image of posterior fossa 
demonstrates continuous midline cleft of cere- 
bellar hemispheres (vallecula) at level of mid- 
dle cerebellar peduncles. Basal cisterns and 
temporal horns of lateral ventricles are promi- 
nent. 





Fig 3.— Superior continuation of midline cere- 
bellar cleft is present and associated with 
abnormal, thin, sagittally oriented cerebellar 
peduncles. Cerebellar vermis is absent. 


tern of episodic and panting tachyp- 
nea alternating with periods of apnea, 
abnormal eye movements, ataxia, psy- 
chomotor retardation, and a rhythmic 
protrusion of the tongue.!? 

The most frequent neuropathologic 
or neuroradiologic finding is agenesis 
or hypoplasia of the vermis of the 
cerebellum. Dilatation of the fourth 
ventricle, occipital meningoencepha- 
locele, cerebellar midline defects, dys- 
genesis of the corpus callosum, and 





Fig 4.—Top and bottom, Cerebellar hemi- 
spheres are still present at level of thalami. 
Insertion of tentorium is abnormally high. Ante- 
riorly, interhemispheric fissure is deep, and 
superior cuts also demonstrated abnormal 
splenium, indicating dysgenesis of posterior 
portion of corpus callosum. 


abnormalities of the medulla have 
also been described.'”"! 

Joubert’s syndrome is considered to 
be inherited in an autosomal recessive 
manner. A variant with chorioreti- 
nal colobomas, inherited in an 
X-linked manner, has also been postu- 
lated.’ The clinical presentation in 
our patient was characteristic of JS, 
with abnormal muscle tone, ataxia, 
psychomotor delay, and tongue 
thrusting. Most patients with JS are 
reported to be hypotonic. Although 
our patient was initially hypotonic, 
muscle tone fluctuated subsequently, 
and she later demonstrated truncal 
hypotonia but limb hypertonia. This 
probably reflects underlying cerebral 
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dysgenesis. The episodic and panting 
tachypnea persisted to the age of 11 
months; the periods of apnea had dis- 
appeared by 5 months of age. Resolu- 
tion of the respiratory disturbance 
has been described previously in 
JS.) 

Malformations of the brain were 
observed, similar to those that have 
been described in other patients with 
JS: agenesis of the vermis of the cere- 
bellum, abnormalities of the midbrain 
and corpus callosum, and an abnormal 
configuration of the fourth ventri- 
cle.’'* The extent of these abnormali- 
ties supports the concept of a more 
generalized malformation of the cen- 
tral nervous system, in that the clini- 
cal picture of JS is not explained by 
agenesis of the cerebellar vermis 
alone.' There is a clinicopathologic 
correlation relating the abnormal 
respiratory pattern to the malforma- 
tion of the brain. Thus, in one patient, 
autopsy findings demonstrated abnor- 
malities of the medullary centers.‘ 
Although these abnormalities could 
not be demonstrated radiologically, it 
is probable that they were present in 
our patient, since isolated malforma- 
tions of the midbrain and cerebellar 
vermis are not usually associated with 
the typical respiratory pattern that is 
seen in JS.'*!*!8 Magnetic resonance 
imaging may have been useful in the 
further delineation of the anatomy of 
the brain stem and cerebral cortex; 
this would have required general 
anesthesia, for which facilities were 
not available. 

Abnormal eye movements, consist- 
ing of jerky, pendular, and rotatory 
nystagmus, are a characteristic fea- 
ture.'? The absence of jerky eye move- 
ments in our patient was almost 
certainly caused by the fibrosed 
extraocular muscles that precluded 
movement of the eyes. To our knowl- 
edge, the diagnosis of congenital ocu- 
lar fibrosis, which was established 
unequivocally on the basis of intrao- 
perative findings of the abnormally 
inserted and fibrosed extrinsic eye 
muscles, has not previously been 
described in JS. Thus, jerky eye move- 
ments are not an invariable finding in 
JS. However, in cases that resemble 
JS, but in which the jerky eye move- 
ments are absent, external ocular 
fibrosis should be considered. 

Strabismus occurs frequently in 
both JS and congenital ocular fibrosis. 
However, the pathogenesis of the 
strabismus is probably different in 
the two disorders. In congenital ocu- 
lar fibrosis, the strabismus is 
mechanical, resulting from scarred, 
fibrosed, and shortened extraocular 
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muscles. In contrast, the strabismus 
in JS appears to be of the nonparalytic 
type and may be related to muscle 
weakness or a refractive error. Alter- 
natively, it may simply reflect the fact 
that strabismus occurs more common- 
ly in children with organic brain syn- 
dromes than in the general popula- 
tion. 

Congenital ocular fibrosis is charac- 
terized by external ophthalmoplegia, 
strabismus, ptosis, and a compensato- 
ry backward tilt of the head.” 
Errors in refraction may also occur. 
Internal ophthalmoplegia has been 
described rarely.” The extraocular 
muscles are inserted abnormally onto 
the globes and demonstrate degenera- 
tive changes with fibrosis but no evi- 
dence of acute inflammation. Neuro- 
radiologic studies have not been per- 
formed in this disorder. Congenital 
ocular fibrosis may be sporadic or 
familial. In the familial cases, the 
mode of inheritance is consistent with 
an autosomal dominant or, rarely, 
X-linked pattern.” The pathogenesis 
of congenital ocular fibrosis is 
unknown. The fibrosis and lack of 
acute inflammatory changes argue 
against an inflammatory origin of 
late prenatal onset but do not exclude 
an inflammatory process that may 
have occurred early in fetal develop- 
ment. A primary myopathy of the 
extraocular muscles is another possi- 
ble explanation, with reduced move- 
ments of the muscles causing their 
abnormal insertion onto the globes. 
Alternatively, a neurogenic cause may 
be responsible, affecting either the 
fibers or the nuclei of the motor 
nerves that innervate the extraocular 
muscles. The motor nerves are associ- 
ated with the muscles early in fetal 
development, and abnormal develop- 
ment of the nerves at this stage could 
adversely affect muscle insertion, 
development, and maturation. The 
cause of the internal ophthalmoplegia 
is unknown but may be related to an 
abnormality of the midbrain. 

The association of JS with congeni- 
tal ocular fibrosis in this patient may 
be fortuitous. It is possible that the 
abnormal insertion of the extraocular 
muscles resulted from malformation 
of the third, sixth, and possibly fourth 
cranial nerve nuclei. These nuclei are 
located in the brain stem, the struc- 
ture of which was known to be abnor- 
mal in this patient and also in other 
patients with JS.‘ This would support 
a neurogenic cause of congenital ocu- 
lar fibrosis. A more speculative 
hypothesis invokes an embryological 
cause as being responsible for the 
association of JS with congenital ocu- 


lar fibrosis. Thus, both the formation 
of the vermis of the cerebellum and 
the insertion of the extraocular mus- 
cles onto the globe occur between the 
sixth and seventh week of fetal devel- 
opment. This suggests that an early 
and specific insult may have occurred 
during embryogenesis. Alternatively, 
the association may have resulted 
from submicroscopic changes on the 
chromosome carrying the genes for 
these disorders. 

A diagnosis of histidinemia was 
also made in our patient, based on the 
elevated levels of histidine in the 
blood and cerebrospinal fluid. Al- 
though associations between histidi- 
nemia and mental retardation, speech 
difficulties, and seizures have been 
reported, there have been no clear 
correlations between the clinical and 
biochemical findings.***> The clinical 
significance of histidinemia in our 
patient is not known. The genetic 
implications of the unique combina- 
tion of JS, congenital ocular fibrosis, 
and histidinemia are unclear. 


The authors wish to thank David OuTim, MD, 
for the referral of this patient and Ken Poskitt, 
MD, for his assistance in the interpretation of 
the computed tomographic studies. 
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Familial Aplasia of the Cerebellar Vermis 


Possible X-linked Dominant Inheritance 


Gerald M. Fenichel, MD, John A. Phillips, MD 


è To our knowledge, this is the third 
(possibly the fourth) description of a fam- 
ily with partial aplasia of the cerebellar 
vermis. The major clinical features are 
normal intelligence, delayed achievement 
of motor milestones, truncal ataxia, and 
nystagmus. Twelve of 14 affected individ- 
uals are female. The two affected males 
were more severely affected than were 
their female relatives. These findings 
along with apparently increased fetal 
wastage suggest that an X-linked rather 
than an autosomal dominant mode of 
inheritance may be responsible for this 
disorder. 

(Arch Neurol 1989;46:582-583) 


To our knowledge, this is the third, 

possibly the fourth, description of 
a family with a dominantly inherited 
ataxia associated with hypoplasia of 
the cerebellar vermis. Including this 
family, 12 of 14 reported cases have 
involved females. This report further 
characterizes the spectrum of clinical 
phenotypes associated with this 
genetic disorder and suggests the pos- 
sibility of an X-linked rather than an 
autosomal dominant mode of inheri- 
tance. 
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REPORT OF A CASE 


The propositus, aged 2 years, 5 months, 
was referred because of incoordination. 
She was the product of an uncomplicated 
full-term birth and was believed to be 
normal until 18 months of age, when it was 
realized that she was not meeting motor 
milestones at an expected rate. She sat 
alone at 15 months of age and walked at 18 
months. Her gait has always been clumsy, 
characterized by lurching and frequent 
falling. Speech development has been slow, 
and although she can say many single 
words, she has not combined words. Toilet 
training has been accomplished. 

Family history is positive for ataxia in 
the mother, a maternal uncle, and the 
maternal grandmother (Fig 1). A 5-year- 
old sister is normal. The mother and 
grandmother were examined and found to 
have a wide-based ataxic gait that was not 
sufficiently severe to impair ambulation. 
There was no evidence of limb dysmetria 
or nystagmus. Mental function was normal 
and the tendon reflexes were normoreac- 
tive. The uncle was not examined by us, but 
he was described by another physician as 
having a disabling ataxia, which prevented 
him from walking without assistance, and 
limb dysmetria. In all family members, the 
severity of the ataxia remained constant 
from childhood through adult life. 

Findings of the general physical exami- 
nation were unremarkable. Height and 
weight were at the 95th percentile and 
head circumference was at the 75th per- 
centile. There was no evidence of telangiec- 
tasia, birth marks, or skeletal deformities. 
The child walked with a broad-based gait, 
with the trunk bent forward, and demon- 





strated some titubation when sitting. The 
cranial nerves were intact; findings of oph- 
thalmoscopic examination were normal; 
and nystagmus was not present. Motor 
strength and tone were excellent, but fine 
coordination of the hands was lacking. 
There was mild limb dysmetria. Sensation 
was intact. Tendon reflexes were brisk and 
symmetrical throughout. Clonus was not 
present and the plantar responses were 
flexor. 

Results of the following laboratory tests 
were normal: complete blood cell count; 
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Fig 1.—Family pedigree. Four individuals in 
three generations have had nonprogressive 
ataxia from birth. The male was most severely 
affected. Magnetic resonance imaging was 
not performed on mother, uncle, or grand- 
mother of proband. 
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Fig 2.—Magnetic resonance image of proband. This midline scan demonstrates hypoplasia of 


cerebellar vermis (arrow). 


urinalysis and amino acid content; serum 
lactate, lipid profile, immunoglobulin elec- 
trophoresis, glutamate dehydrogenase, 
and lactate dehydrogenase; brain-stem 
auditory and somatosensory evoked re- 
sponses; and a chromosomal analysis was 
46 XX without detected deletions. 

Magnetic resonance imaging of the brain 
disclosed no abnormalities with the excep- 
tion of hypoplasia of the cerebellar vermis 
(Fig 2). 


COMMENT 


The first description of a family 
with dominantly inherited hypoplasia 
of the cerebellar vermis was given by 
Furman et al.' The mother presented 
because of oscillopsia and visual blur- 
ring at the age of 32 years. She had 
been clumsy all her life, without pro- 
gression of symptoms. Examination 
revealed normal intelligence, truncal 
ataxia, mild limb dysmetria, upbeat- 
ing nystagmus, and gaze-provoked 
horizontal nystagmus. Two daugh- 
ters, aged 8 and 4 years, had identical 
clinical features and a 9-year-old son 
was normal. Magnetic resonance 
imaging of the brain in the mother 
and both daughters revealed focal 
atrophy of the cerebellar vermis but 
disclosed no abnormalities in the 
son. 

Tomiwa et al’ described a mother 
and daughter with a similar clinical 
syndrome. The mother had been flop- 
py at birth and was slow in attaining 
motor milestones. She was first exam- 
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ined at 3 years, 9 months of age, and 
was judged to have norma! intelli- 
gence, but she could not walk alone, 
was dysarthric, and had horizontal 
nystagmus, truncal ataxia, and limb 
dysmetria. In the years that followed, 
she was able to walk without support 
and perform activities of daily living. 
Computed tomography revealed atro- 
phy of the anterior superior vermis of 
the cerebellum. Her daughter’s devel- 
opment and examination results were 
essentially the same, except nystag- 
mus was lacking. 

A third family, described by Kattah 
et al, had a similar syndrome, but 
presented with primary position ver- 
tical nystagmus. Five affected family 
members, four females and one male, 
from three generations were studied. 
All had disturbances of ocular motili- 
ty; four had truncal ataxia that varied 
in severity from mild to severe; and 
one had developmental delay. Com- 
puted tomographic scans in two 
patients were normal, and for this 
reason, the family cannot be definite- 
ly classified with the others. 

Aplasia of the vermis of the cerebel- 
lum, in part or in whole, is relatively 
common and may occur alone or in 
combination with other cerebellar and 
cerebral malformations. Joubert’s 
syndrome, an autosomal recessively 
inherited syndrome of brain malfor- 
mations that includes vermal aplasia, 
is characterized by ataxia, mental 


retardation, and respiratory distur- 
bances.* As might be expected, the 
clinical features associated with dom- 
inantly inherited cerebellar aplasia 
are milder than those associated with 
Joubert’s syndrome or the gene could 
not be passed on to new generations. 

The abnormality described in this 
family and in the others cited'’ is 
more likely to be a failure of vermal 
development than the atrophy of a 
previously formed structure. Symp- 
toms are already present at birth, and 
there is never evidence of progression. 
The combination of hypotonia and 
ataxia causes a delay in the achieve- 
ment of motor milestones. Nystagmus 
is not a constant feature but can be 
found in both the horizontal and ver- 
tical planes. 

An interesting feature of this disor- 
der is the skewed male-female ratio 
among affected individuals. If we 
accept that the families described by 
Kattah et al’ had a similar defect, 
then 12 of 14 affected individuals are 
female and the two males were more 
severely affected than the females. 
This suggests the possibility of X- 
linked dominant inheritance, lethal in 
most affected male fetuses. Fetal 
wastage (five of 11 pregnancies) ap- 
pears excessive: it occurred in two of 
six pregnancies in our family and in 
three of five pregnancies in the one 
family for which such information 
was provided.? Autosomal dominant 
inheritance with sex-influenced le- 
thality or more severe expression in 
affected males is also possible. The 
case for X-linked dominant inheri- 
tance would be enhanced if all chil- 
dren of affected males were affected. 
However, since neither of the males 
with this disorder has had any chil- 
dren, future descriptions of additional 
families will be needed to clarify 
whether the mode of inheritance is 
autosomal or X-linked dominant. 
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“Once ir a blue moon” describes the phenomenon in which 
the moon appears as a brilliant blue. Seen worldwide following 
the volcanic eruption of Krakatoa in 1883, the blue moon occurs 
only when atmospheric cloud droplets, each less than 5 um in 
diameter, form in abundance—an exceedingly rare event: 
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That fact holds true for partial, 
complex partial, generalized tonic- 
clonic seizures, and status epilepticus. 


And it’s achieved without significant 
cognitive impairment at therapeutic 
drug levels (10 to 20 pg/mL), often with 
once-daily therapy (Dilantin Kapseals®), 
which enhances compliance. 


What you demand, Dilantin does— 
for millions of patients every day. 


That’s why Dilantin remains a drug 
of choice. 


And that’s why most patients on 
Dilantin will wait a long, long time to 
see another seizure. 


Dilantin 
(phenytoin) 


References 

1. Shute CCD: The ‘blue moon’ phenomenon. Weather 1976; 
31:292-296. 

2. Ramsay RE, Wilder Bj, Berger JR, et al: A double-blind 
study comparing carbamazepine with phenytoin as initial 
seizure therapy in adults. Neurology 1983;33:904-910. 

3. Porter RJ, Theodore WH: Nonsedative regimens in the 
treatment of epilepsy. Arch Intern Med 1983;143:945-947. 


Please see next page for brief summary of prescribing information. 





586 


DILANTIN® (Extended Phenytoin Sodium Capsules, USP) KAPSEALS® 
DILANTIN® (Phenytoin Sodium Injection, USP) PARENTERAL 


Before prescribing, please see full prescribing information. A Brief Summary follows. 
IMPORTANT NOTE 


This drug must be administered slowly. In adults do not exceed 50 mg per minute intravenously. 
in neonates, the drug should be administered at a rate not exceeding 1-3 mg/kg/min. 





INDICATIONS AND USAGE: Parenteral: Parenteral Dilantin is indicated for the contro! of status epilepticus of the 
grand mal type, and prevention and treatment of seizures occurring during neurosurgery. 
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and mental disturbances. Since parkinsonian patients may manifest mild degrees of 
dementia, caution should be used when treating such patients. 


Parlodel® (bromocriptine mesylate) administered alone or concomitantly with 
levodopa may cause hallucinations (visual or auditory). Hallucinations usually 
resolve with dosage reduction; occasionally, discontinuation of Parlodel® (bromo- 
criptine mesylate ) is required. Rarely, after high doses, hallucinations have persisted 
for several weeks following discontinuation of Parlodel® (bromocriptine mesylate). 


As with levodopa, caution should be exercised when administering Parlodel® 
(bromocriptine mesylate ) to patients with a history of myocardial infarction who 
have a residual atrial, nodal, or ventricular arrhythmia. 


Retroperitoneal fibrosis has been reported in a few patients receiving long-term 
therapy (2-10 years) with Parlodel® (bromocriptine mesylate) in doses ranging from 
30 to 140 mg daily. 


DRUG INTERACTIONS 

Lack or decrease in efficacy may occur in patients receiving Parlodel® (bromocrip- 
tine mesylate) when they are treated concurrently with drugs which have dopamine 
antagonist activity e.g. phenothiazines, butyrophenones. This may be a problem par- 
ticularly for patients treated with Parlodel® (bromocriptine mesylate) for macro- 
adenomas. Although there is no conclusive evidence demonstrating interactions be- 
tween Parlodel® (bromocriptine mesylate) and other ergot derivatives, the concomi- 
tant use of these medications is not recommended. 


ADVERSE REACTIONS 

Parkinson’s Disease 

In clinical trials in which bromocriptine was administered with concomitant reduc- 
tion in the dose of levodopa/carbidopa, the most common newly appearing adverse 
reactions were: nausea, abnormal involuntary movements, hallucinations, confu- 
sion, “on-off” phenomenon, dizziness, drowsiness, faintness/fainting, vomiting, as- 
thenia, abdominal discomfort, visual disturbance, ataxia, insomnia, depression, 
hypotension, shortness of breath, constipation, and vertigo. 


Less common adverse reactions which may be encountered include: anorexia, anxi- 
ety, blepharospasm, dry mouth, dysphagia, edema of the feet and ankles, erythro- 
melalgia, epileptiform seizure, fatigue, headache, lethargy, mottling of skin, nasal 
stuffiness, nervousness, nightmares, paresthesia, skin rash, urinary frequency, uri- 
nary incontinence, urinary retention, and rarely, signs and symptoms of ergotism 
such as tingling of fingers, cold feet, numbness, muscle cramps of feet and legs or 
exacerbation of Raynaud's Syndrome. 


Abnormalities in laboratory tests may include elevations in blood urea nitrogen, 
SGOT, SGPT, GGPT, CPK, alkaline phosphatase and uric acid, which are usually tran- 
sient and not of clinical significance. 


DOSAGE AND ADMINISTRATION 

General 

It is recommended that Parlodel® (bromocriptine mesylate) be taken with food. Pa- 
tients should be evaluated frequently during dose escalation to determine the lowest 
dosage that produces a therapeutic response. 


Parkinson’s Disease 

The basic principle of Parlodel® (bromocriptine mesylate) therapy is to initiate treat- 
ment ata low dosage and, on an individual basis, increase the daily dosage slowly 
until amaximum therapeutic response is achieved. The dosage of levodopa during 
this introductory period should be maintained, if possible. The initial dose of 
Parlodel® (bromocriptine mesylate) is /2 ofa 2⁄2 mg SnapTab™ twice daily with 
meals. Assessments are advised at two week intervals during dosage titration to en- 
sure that the lowest dosage producing an optimal therapeutic response is not ex- 
ceeded. If necessary, the dosage may be increased every 14 to 28 days by 212 mg per 
day with meals. Should it be advisable to reduce the dosage of levodopa because of 
adverse reactions, the daily dosage of Parlodel® (bromocriptine mesylate), if in- 
creased, should be accomplished gradually in small (2⁄2 mg) increments. 


The safety of Parlodel® (bromocriptine mesylate) has not been demonstrated in dos- 
ages exceeding 100 mg per day. 


HOW SUPPLIED 

SnapTabs™ , 21/2 mg 

Round, white, scored SnapTabs™, each containing 2⁄2 mg bromocriptine (as the 
mesylate) in packages of 30 (NDC 0078-0017-15) and 100 (NDC 0078-0017-05). 
Embossed “PARLODEL 2'4” on one side and scored on reverse side. 


Capsules, 5 mg 

Caramel and white capsules, each containing 5 mg bromocriptine (as the mesylate) 
in packages of 30 (NDC 0078-0102-15) and 100 (NDC 0078-0102-05). Imprinted 
“PARLODEL 5 mg” on one half and “4” on other half. 
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Adverse reactions reported with PARLODEL® (bromocriptine mesylate) are 
similar to those of levodopa; however, significantly more nausea, hallucina- 
tions, confusion and hypotension have been reported in patients treated with 
PARLODEL therapy. Many of these side effects can be ameliorated with dosage 
adjustments. 
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1989 
June 14-16 


15 


16-18 


29-July 1 


July 17-21 


23-27 


23-27 


Aug. 3-6 


Sept 11-12 


11-13 


14-15 


14-16 


17-21 


23-27 


24 


24-27 


27-Oct 1 


CALENDAR OF MEETINGS 


24th Canadian Congress of Neurological Sciences, Ottawa, Ontario. Contact Secretariat, 
Canadian Congress of Neurological Sciences, 116C, 1330 15th Ave SW, Calgary, Alberta T3C 
3N6, Canada, (403) 229-9544. . 

“Developments in Intensive Care Monitoring,” St Bartholomew's Hospital, London. Contact D. T. 
Delpy, Department of Medical Physics, University College London, Shropshire House, Capper 
Street, London WC1E6JA, England; (01) 380 9700. 

“Annual Postgraduate Course and Scientific Meeting,” Westin Hotel, Boston. Contact American 
Association for the Study of Headache, PO Box 5136, San Clemente, CA; (714) 498-1846. 
19th Central European Neurological Symposium, Vienna, Austria. Contact Mrs. Elisabeth 
Ribar-Maurer, c/o Wiener Medizinische Akademie, Alser Strasse 4, A-1090 Vienna, Austrial; 
(222) 42 13 83-0. 

12th Annual Contemporary Clinical Neurology Meeting, The Conference Center at Palmetto Dunes 
Resort, Hilton Head Island, SC. Contact Division of Continuing Medical Education, Vanderbilt 
University Medical Center, CCC-5326 Medical Center N, Nashville, TN 37232; (615) 322-4030. 
International Symposium on Developmental Neuroscience, Beijing, sponsored by the Chinese 
Academy of Medical Sciences and the International Society for Developmental Neuroscience. 
Contact Professor Dr Ramon Lim, Division of Neurochemistry and Neurobiology, Department of 
Neurology, University of lowa, lowa City, IA 52242. 

Interventional Symposium on Developmental Neuroscience, Xian, China. Contact Professor Ramon 
Lim, Division of Neurochemistry and Neurobiology, University of lowa, lowa City, IA 52242. 

The Seventh Annual Symposium of Medical Problems of Musicians and Dancers, Hotel Wildwood, 
Snowmass, Colo. Contact The Cleveland Clinic Educational Foundation, Department of Continuing 
Education, 9500 Euclid Ave. Room TT31, Cleveland, OH 44195-5241; (800) 762-8172 (Ohio); 
(800) 762-8173 (outside Ohio). 

‘Epilepsy Advances,” Towsley Center, Ann Arbor, Mich. Contact Gayle Fox, Program Assistant, 
Office of Continuing Medical Education, G- 1100 Towsley Center-Box 0201, University of Michigan 
Medical School, Ann Arbor, MI 48109-0201; (313) 763-1400. 

“Interventional Neuroradiology,” The Johns Hopkins Medical Institutions. Thomas B Turner Build- 
ing, Baltimore, Md. Contact Program Coordinator, The Johns Hopkins Medical Institutions, Office 
of Continuing Education, Turner Building, 720 Rutland Ave, Baltimore, MD 21205; (301) 955-2959. 
“Cerebral Circulation and Aging,” Toulouse, France. Contact Secretary of Professeur A.Bes and 
G. Géraud, Service de Neurologie, CHU Rangueil, 31054 Toulouse, France. 

“Recent Trends in Clinical Electrophysiology: Intraoperative Monitoring,” Towsley Center, Ann Ar- 
bor, Mich. Contact Gayle Fox, Program Assistant, Office of Continuing Medical Education, G- 1100 
Towsley Center-Box 0201, University of Michigan Medical School, Ann Arbor, MI 48109-0201; 
(313) 763-1400. 

Seventh European Meeting on Clinical Neuropharmacology, Belgrade, Yugoslavia. Contact Profes- 
sor Dr Ljubisav Rakić (for Seventh European Meeting on Clinical Neuropharmacology), University 
Clinical Center, Belgrade, Pasterova 2, Belgrade 11000, Yugoslavia. 

Third Annual Conference on the Foundations of Behavioral Neurology, Wenner Gren Center, 
Stockholm, Sweden. Contact Ann McCormick, Program Director, Southern California Neuropsychi- 
atric Institute, 6794 La Jolla Blvd, La Jolla, CA 92037; (619) 454-2102. 

“Symposia on Etiology, Pathogenesis, and Prevention of Parkinson’s Disease and Hyperkinetic 
Movement Disorders,” New Orleans, La; platform presentations are being solicited. For Symposium 
on Etiology, Pathogenesis, and Prevention of Parkinson’s Disease, contact Dr J. William Langston, 
California Parkinson Institute, 2444 Moorpark, Suite 316, San Jose, CA 94128; for Symposium on 
Hyperkinetics Movement Disorders, contact Dr Anthony Lang, Division of Neurology, Toronto 
Western Hospital, 25 Leonard Ave, Suite 101, Toronto, Ontario, Canada MST 2R2. 

114th Annual Meeting, American Neurological Association, New Orleans (La) Sheraton Hotel. Con- 


tact Executive Director, American Neurological Association, 2221 University Ave SE, Suite 350, . 


Minneapolis, MN 55414; (612) 378-3290. 

Annual Meeting, American Academy of Neurological Surgery, Loew’s Ventana Canyon Resort, 
Tucson, Ariz. Contact Nicholas T. Zervas, MD, Secretary, Massachusetts General Hospital, Bos- 
ton, MA 02114. 
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Today, the challenge for physicians and health care institutions to maintain and 
improve the quality of care is greater than ever. The changing environment of 
medicine increasingly demands innovative responses from the profession. And, 
increasingly, physicians and institutions are responding. 


Featuring Capsule Program Descriptions and Complete Index 


This is a one-of-a-kind compilation, a uniquely comprehensive guide to such 


resources as: 


Guidelines and policy statements Committee and task force activities * Courses 
and seminars * Self-assessment programs: Data banks: Research projects ° 
Publications, from manuals and books to newsletters and pamphlets • Clearing- 
houses, resource centers, bibliographies + Videotapes, audiotapes, slide programs 


Purchase Includes Periodic Updates 


To order, complete the order form below, 
or for VISA and MasterCard orders 
calltoll-free 1-800-621-8335 

(In Illinois, call collect 312-645-4987) 


Order Form 
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American Medical 
Association 

Book & Pamphlet 
Fulfillment OP140 

P.O. Box 10946 

Chicago, Illinois 
60610-0946 





The Compendium of Patient Safety and Medical Risk Management Programs is 
a comprehensive listing of patient safety/risk management resources available 
from the AMA/Specialty Society Medical Liability Project, the American 
Medical Association, the Council of Medical Specialty Societies, the Physician 
Insurers Association of America, national medical specialty organizations and 
state medical associations. 
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The Compendium of Patient Safety and Risk Management Programs, OP 140 
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Books 


Neurolaryngology, edited by Minoru Hirano, 
John A. Kirchner, and Diane M. Bless, 304 pp, 
$47, San Diego, College-Hill Press, 1987. 


Neurology of the larynx has been 
historically terra incognita to most 
students of medicine and biology. The 
title of this text is, in fact, a neolo- 
gism, evidence that, until recently, 
there has been a general lack of inter- 
est and knowledge in neurolaryngolo- 
gy. During the past few decades, much 
of the applied and fundamental inves- 
tigation in this discipline has been 
conducted in Japan, the provenance of 
this reviewed work. 

The book represents the archival 
record of a conference held May 16 
and 17, 1986, in Kurume, Japan, a 
festschrift commemorating the 15th 
anniversary of the professorship of Dr 
Minom Hirano in the Department of 
Otolaryngology-Head Neck Surgery 
at Kurume (Japan) University. The 
language of the conference was Japa- 
nese, but the proceedings were writ- 
ten in English. The transcription is 
impeccable; the style concise and 
graceful. 

Twenty-five papers, entitled as 
chapters, are present. They are col- 
lected into five parts under the ru- 
brics of Neuroanatomy, Laryngeal 
Muscle, Neurophysiology, Muscle Be- 
havior, and Pathology, respectively. 
Part 1 has seven neuroanatomical 
chapters describing localization of 
motor neurons, distribution of senso- 
ry fibers, morphology of sensory 
nerve endings, autonomic innervation, 
substance P fibers, and neuromuscu- 
lar junctions in the posterior cricoary- 
tenoid. There are five papers in part 2 
that are concerned with histochemi- 
cal, mechanical, and contraction prop- 
erties of laryngeal muscles and mus- 
cle spindles. The five presentations in 
part 3 that are concerned with neuro- 
physiology describe laryngeal re- 
flexes, proprioception, laryngeal-re- 
spiratory relationships, laryngeal re- 
flex, brain-stem evoked response, and 
laryngeal responses to auditory stim- 
ulations. Parts 4 and 5 have a more 
clinical emphasis. Two papers in part 
4 describe aspects of muscular activity 
during articulation and singing. There 
are three discussions of neuromuscu- 
lar diseases of the larynx in part 5. 

The laboratory work presented was 
sedulously done, and the text is nicely 
written, making for easy reading. The 
purview of this book is focused, and, 
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perforce, it will find a limited audi- 
ence. Nevertheless, for the interested 
reader who wishes to be informed 
beyond received knowledge, this book 
will be a current and valuable 
resource, and he will be amply 


rewarded for his time. 
JOHN NORANTE, MD 
Rochester, NY 


Neuromuscular Problems in Orthopaedics, by C. S. 
B. Galsko, 279 pp, with illus, Boston, Blackwell 
Scientific Publications Inc, 1987. 


This new publication has been pro- 
duced to acquaint the orthopedist 
with the neurological basis, testing, 
and management of conditions that 
may be encountered in their practice. 
There are 15 contributions from the 
United Kingdom and the United 
States. Medical and orthopedic as- 
pects and management of cerebral 
palsy, congenital spinal lesions, dys- 
trophies, myopathies, atrophies, spi- 
nal deformities, and the stroke 
patient are well covered. Four chap- 
ters follow that concentrate on upper 
limb, hip, knee, and foot manage- 
ment. 

The orthopedist rarely has such a 
concise review of cerebral palsy. This 
one touches on classification, drug 
treatment, and newer neurosurgical 
advances proposed by Peacock. Mark 
Hoffer gives an excellent overview of 
surgical management in upper and 
lower extremity involvement. 

Congenital lesions of the spinal cord 
covers meningomyelocele and hydro- 
cephalus. There is an emphasis on 
bladder dysfunction and manage- 
ment, including the newer prosthetic 
urinary sphincter. John Sharrard 
gives an excellent orthopedic review 
based on age. 

The chapter on dystrophies, myo- 
pathies, and atrophies is very com- 
plete. It includes ultrasound and nee- 
dle muscle biopsy techniques. Newer 
concepts in orthotic use, prolongation 
of standing and walking, and the rec- 
ognition that scoliosis progression 
aggravates respiratory function are 
emphasized. The orthopedic approach 
to these problems is state of the art. 
Bracing, spine stabilization early 
(when walking stops), and surgery to 
allow standing are well documented. 
References are current (1986). The 
tight iliotibial band was not addressed 
prior to bracing, which often limits 
the ability to stand. Fractures and 
anesthetic considerations are well 
covered. 

The section on management of spi- 
nal deformities in neuromuscular dis- 
ease is comprehensive, but failed to 


mention that the suspension jacket is 
rarely used due to discomfort, and 
halo-femoral traction has been large- 
ly discontinued due to severe prob- 
lems, one of which is avascular necro- 
sis of the dens. There is a good discus- 
sion of the limitation of Harrington 
instrumentation in the paralytic 
spine. Anterior procedures (Zielke) 
and combined front and back stabili- 
zation are stressed. The Luque tech- 
nique is reviewed. There is an empha- 
sis on external immobilization postop- 
eratively. One tends to forget that the 
most important part of spine stabili- 
zation is an adequate spine fusion. 
Facet excision and decortication are 
important. 

Hip problems in the neuromuscular 
patient are adequately addressed. 
Several excellent points are made con- 
cerning rotational osteotomies in the 
lower extremities. Femoral head and 
neck resections were not covered in 
the section on the painful dislocated 
hip. Knee management covered ten- 
don surgery and osteotomies. Dren- 
nan’s chapter on foot deformities is 
well referenced, as well as giving his 
preferred procedures. Orthotics are 
reviewed, but there was no mention of 
the newer hinged ankle-foot orthoses. 
He covers the management of all of 
the paralytic foot deformities from 
the common cerebral palsy to the 
rarely seen poliomyelitis and heredi- 
tary spinal, cerebellar, and motor sen- 
sory neuropathies. 

The chapters on upper limb prob- 
lems are well written and review each 
deficit, its presentation, tests, and 
management. There is a complete dis- 
cussion on entrapment syndromes. 
Clinical pictures and anatomic charts 
are clear and helpful. An orthopedist 
needs to be a competent neurologist 
regarding the peripheral nervous sys- 
tem. The authors place emphasis on 
the branching pattern of nerves, 
methods of testing, and sensation and 
motor variations, never forgetting 
that what you see may be a local 
manifestation of a systemic disorder. 

The section on the stroke patient is 
an excellent review of the types, life 
expectancy, and prognostic features, 
which are not fully appreciated by the 
average orthopedist. 

This is an excellent treatise for the 
practicing orthopedist, rehabilitation 
specialist, and those pediatricians 
who are concerned with developmen- 
tal disabilities and birth defects. It 
belongs to the library of the neurolo- 
gist to acquaint him with the advanc- 
ing scope of orthopedic surgery. 


KENNETH V. JACKMAN, MD 
Rochester, NY 
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Transderm Scop 

is the better choice 
for motion sickness 
prevention 


¢ more effective than 25 mg meclizine 
and Dramamine”? 


¢ better compliance because transdermal 
delivery is more convenient 


: Transderm Scop: 


scopolamine 
programmed delivery 
0.5 mg over 72 hrs 


Transderm Scop should not be used in children. Use with 
special care in the elderly and in patients taking 

drugs (including alcohol) capable of causing f 

CNS effects. Dryness of the mouth occurs 

in about two thirds of people. Please ~- 
see Prescribing Information on 7 4 
next page before 
prescribing. 





Transderm Scop* 


scopolamine 
(formerly Transderm-V) 


Transdermal Therapeutic System 


Programmed delivery in vivo of 0.5 mg of 
scopolamine over 3 days 


BRIEF SUMMARY (FOR FULL PRESCRIBING 
INFORMATION, SEE PACKAGE INSERT) 


INDICATIONS AND USAGE 
Transderm Scop is indicated for prevention of nausea and 
vomiting associated with motion sickness in adults. The disc 
should be applied only to skin in the postauricular area. 
Clinical Results: Transderm Scōp provides antiemetic pro- 
tection within several hours following application of the disc 
behind the ear. In 195 adult subjects of different racial origins 
who participated in clinical efficacy studies at sea or ina 
controlled motion environment, there was a 75% reduction in 
the incidence of motion-induced nausea and vomiting. 
Transderm Scop provided significantly greater protection than 
that obtained with oral dimenhydrinate. 


CONTRAINDICATIONS 

Transderm Scop should not be used in patients with known 
hypersensitivity to scopolamine or any of the components of 
the adhesive matrix making up the therapeutic system, or in 
patients with glaucoma. 


WARNINGS 
Transderm Scdp should not be used in children and should be 
used with special caution in the elderly. See PRECAUTIONS. 
Since drowsiness, disorientation, and confusion may occur 
with the use of scopolamine, patients should be warned of the 
possibility and cautioned against engaging in activities that 
require mental alertness, such as driving a motor vehicle or 
operating dangerous machinery. 
Potentially alarming idiosyncratic reactions may occur with 
ordinary therapeutic doses of scopolamine. 


PRECAUTIONS 

General 

Scopolamine should be used with caution in patients with 
pyloric obstruction, or urinary bladder neck obstruction. 
Caution should be exercised when administering an antiemetic 
or antimuscarinic drug to patients suspected of having 
intestinal obstruction. 

Transderm Scop should be used with special caution in the 
elderly or in individuals with impaired metabolic, liver, or kidney 
functions, because of the increased likelihood of CNS effects. 
Information for Patients 
Since scopolamine can cause temporary dilation of the pupils 
and blurred vision if it comes in contact with the eyes, patients 
should be strongly advised to wash their hands thoroughly with 
soap and water immediately after handling the disc. 

Patients should be advised to remove the disc immediately 
and contact a physician in the unlikely event that they experi- 
ence symptoms of acute narrow-angle glaucoma (pain in and 
reddening of the eyes accompanied by dilated pupils). 

Patients should be warned against driving a motor vehicle or 


operating dangerous machinery. A patient brochure is available. 


Drug Interactions 

Scopolamine should be used with care in patients taking 
drugs, including alcohol, capable of causing CNS effects. Spe- 
cial attention should be given to drugs having anticholinergic 
properties, e.g., belladonna alkaloids, antihistamines (including 
meclizine), and antidepressants. 

Carcinogenesis, Mutagenesis, Impairment of Fertility 

No long-term studies in animals have been performed to 
evaluate carcinogenic potential. Fertility studies were per- 
formed in female rats and revealed no evidence of impaired 
fertility or harm to the fetus due to scopolamine hydrobromide 
administered by daily subcutaneous injection. In the highest- 
dose group (plasma level approximately 500 times the level 
achieved in humans using a transdermal system), reduced 
maternal body weights were observed. 

Pregnancy Category C 

Teratogenic studies were performed in pregnant rats and 
rabbits with scopolamine hydrobromide administered by daily 
intravenous injection. No adverse effects were recorded in the 
rats. In the rabbits, the highest dose (plasma level approxi- 
mately 100 times the level achieved in humans using a 
transdermal system) of drug administered had a marginal 
embryotoxic effect. Transderm Scōp should be used during 
pregnancy only if the anticipated benefit justifies the potential 
risk to the fetus. 

Nursing Mothers 

It is not known whether scopolamine is excreted in human milk. 
Because many drugs are excreted in human milk, caution 
should be exercised when Transderm Scōp is administered to 
a nursing woman. 

Pediatric Use 

Children are particularly susceptible to the side effects of 
belladonna alkaloids. Transderm Scdp should not be used in 
children because it is not known whether this system will 
release an amount of scopolamine that could produce serious 
adverse effects in children. 


ADVERSE REACTIONS 

The most frequent adverse reaction to Transderm Scop is 
dryness of the mouth. This occurs in about two thirds of the 
people. A less frequent adverse reaction is drowsiness, which 
occurs in less than one sixth of the people. Transient impairment 
of eye accommodation, including blurred vision and dilation of 
the pupils, is also observed. 

The following adverse reactions have also been reported on 
infrequent occasions during the use of Transderm Scdp: 
disorientation; memory disturbances; dizziness; restlessness; 
hallucinations; confusion; difficulty urinating; rashes and 
erythema; acute narrow-angle glaucoma; and dry, itchy, or red 
eyes. 

Drug Withdrawal: Symptoms including dizziness, nausea, 
vomiting, headache and disturbances of equilibrium have been 
reported in a few patients following discontinuation of the use 
of the Transderm Scdp system. These symptoms have 
occurred most often in patients who have used the systems for 
more than three days. 


OVERDOSAGE 

Overdosage with scopolamine may cause disorientation, 
memory disturbances, dizziness, restlessness, hallucinations, 
or confusion. Should these symptoms occur, the Transderm 
Scop disc should be immediately removed. Appropriate 
parasympathomimetic therapy should be initiated if these 
symptoms are severe. 


DOSAGE AND ADMINISTRATION 

Initiation of Therapy: One Transderm Scop disc (programmed 
to deliver 0.5 mg of scopolamine over 3 days) should be 
applied to the hairless area behind one ear at least 4 hours 
before the antiemetic effect is required. Only one disc should 
be worn at any time. 

Handling: After the disc is applied on dry skin behind the 
ear, the hands should be washed thoroughly with soap and 
water and dried. Upon removal of the disc, it should be 
discarded, and the hands and application site washed thor- 
oughly with soap and water and dried, to prevent any traces of 
scopolamine from coming into direct contact with the eyes. (A 
patient brochure is available.) 

Continuation of Therapy: Should the disc become displaced, 
it should be discarded, and a fresh one placed on the hairless 
area behind the other ear. If therapy is required for longer than 
3 days, the first disc should be discarded, and a fresh one 
placed on the hairless area behind the other ear. 


The system should be stored between 59°-86°F (15°-30°C), 


CAUTION 
Federal law prohibits dispensing without prescription. 


Dist. by: 

CIBA Consumer Pharmaceuticals 
Div. of CIBA-GEIGY Corp. 
Summit, NJ 07901 


C88-5 (Rev. 2/88) 
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least 2.5 cm (1 in) should be provided. If a word processor is used, do 
not justify right-hand margins. 
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fictitious given names). Real names or initials should not be used 
in the text, tables, or illustrations. 
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spaces, and be limited to two lines, if possible. The title page 
should include the full names and academic affiliations of all 
authors, the address to which requests for reprints should be sent, 
and, if the manuscript was presented at a meeting, the name of the 
organization, place, and date on which it was read. 
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abbreviations, and abbreviated phrasing are to be avoided. 

Informed Consent.— Manuscripts reporting the results of experi- 
mental investigations of human subjects must include a statement 
to the effect that informed consent was obtained after the nature 
of the procedure(s) had been fully explained. 
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results, and conclusions. The abstract replaces the summary. 
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should include (1) author(s), (2) title, (3) journal name (as 
abbreviated in Index Medicus), (4) year, (5) volume number, and 
(6) inclusive page numbers, in that order. References to books 
should include (1) author(s), (2) chapter title (if any), (3) editor (if 
any), (4) title of book, (5) city of publication, (6) publisher, and (7) 
year. Volume and edition numbers, specific pages, and name of 
translator should be included when appropriate. The author is 
responsible for the accuracy and completeness of the references 
and for their correct text citation. 

SI Units.—Use Système International (SI) measurements 
throughout the manuscript. (See June 1986 issue of the 
ARCHIVES. ) 

Illustrations.—The illustrations originally submitted will not be 
returned. High-quality copies may be used. Original illustrations 
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should be kept by the author for submission if the manuscript is 
accepted. Use only those illustrations that clarify and augment 
the text. If accepted, submit illustrations in triplicate, unmounted 
and untrimmed. Do not send original artwork. Send high-contrast 
glossy prints (not photocopies). Figure number, name of senior 
author, and arrow indicating “top” should be typed on a gummed 
label and affixed to the back of each illustration. All lettering 
must be legible after reduction to column size. Artwork submitted 
for publication may be relettered to achieve uniformity of letter- 
ing style throughout the journal. Magnification and stain should 
be provided when pertinent. Illustrations should preferably be in 
a proportion of 12.7 X 7.3 em (5 X 7 in). 

An experienced medical illustrator should be employed whenev- 
er possible for the preparation of all artwork. Template lettering 
or preset type is preferred to hand-lettered labels. If halftone 
artwork with labels is submitted, affix type and leaders to a clear 
acetate overlay registered to the base drawing. Labels and leaders 
should be applied directly to the drawing board surface if the 
artwork consists only of line ink technique. 

Illustrations in full color are accepted for publication if the 
editors believe that color will add significantly to the published 
manuscript. The ARCHIVES will pay part of the expense of repro- 
duction and printing color illustrations, the remainder to be borne 
by the author or his sponsor. After deducting the ARCHIVES’ 
contribution, the author’s share is $400 for up to six square- 
finished illustrations that can be arranged on a one-page layout. 
Any additional illustrations or special effects will be billed to the 
author at cost. Positive color transparencies (35 mm preferred) 
must be submitted for an evaluation. Do not send color prints 
unless accompanied by original transparencies. All transparencies 
should be carefully packed and sent with the manuscript. 


Legends.—Legends should be typed double-spaced, beginning on 
a separate sheet of paper. Length should be limited to a maximum 
of 40 words. 


Photographic Consents.—A letter of consent must accompany all 
photographs of patients in which a possibility of identification 
exists. It is not sufficient to cover the eyes to mask identity. 
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HOW TO AVOID 
BIG HEADACHES 
IN YOUR PRACTICE 






For migraine patients who suffer frequent or severe attacks, 
relying on abortive therapy may result in more “headaches” 
than it's worth—especially when prophylaxis is so easy. 


Important advantages over 
abortive therapies 


In a recent survey’ of 4,120 physicians who have tried INDERAL LA 
for common-migraine prophylaxis, 98% of physicians mentioned 
the improved quality of life INDERAL LA affords their patients. 

Most also expressed concern about the shortcomings of abortive 
treatments—lack of sufficient control (90%), side effects (84%), 
and potential for addiction (78%). 


The one to start with to 
prevent common migraine 


In the survey, eight out of ten physicians rated INDERAL LA good 
to excellent in reducing both frequency and severity of migraine 
attacks. And, based on their experience, 91% of these doctors 
now consider INDERAL LA their prophylactic preference in 
migraine. Evaluate it in your patients and see for yourself. 
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*like the more than one million patients who have taken 
INDERAL LA for all its indications 
INDERAL® LA should not be used in the presence of 
congestive heart failure, sinus bradycardia, cardiogenic shock, WYET 
heart block greater than first degree, and bronchial asthma AYERS 
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Please see next page for brief summary of prescribing information rm 
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BRIEF SUMMARY (FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE CIRCULAR.) 
INDERAL® LA brand of propranolol hydrochloride (Long Acting Capsules) 


DESCRIPTION. |NDERAL LA is formulated to provide a sustained release of propranolol 
hydrochloride. INDERAL LA is available as 60 mg, 80 mg, 120 mg, and 160 mg capsules. 


CLINICAL PHARMACOLOGY. |NDERAL is a nonselective, beta-adrenergic receptor- 
blocking agent possessing no other autonomic nervous system activity. It specifically com- 
petes with beta-adrenergic rOCOpIOr ae agents for available receptor sites. When 
access to beta-receptor sites is blocked by INDERAL, the chronotropic, inotropic, and vaso- 
dilator responses to beta-adrenergic stimulation are decreased proportionately 

INDERAL LA Capsules (60, 80, 120, and 160 mg) release propranolol HCI at a controlled and 
predictable rate. Peak blood levels following dosing with INDERAL LA occur at about 6 hours 
and the apparent plasma half-life is about 10 hours. When measured at steady state over a 
24-hour period the areas under the propranolol plasma concentration-time curve (AUCs) for 
the pes are approximately 60% to 65% of the AUCs for a comparable divided daily dose 
of INDERAL Tablets. The lower AUCs for the capsules are due to greater hepatic metabolism of 
propranolol, resulting from the slower rate of absorption of propranolol. Over a twenty-four (24) 
er period, blood levels are fairly constant for about twelve (12) hours then decline exponen- 
tially. 

INDERAL LA should not be considered a simple mg-for-mg substitute for conventional 
propranolol and the blood levels achieved do not match (are lower than) those of two to four 
times daily dosing with the same dose. When changing to INDERAL LA from conventional 
propranolol, a possible need for retitration upwards should be considered especially to main- 
tain effectiveness at the end of the dosing interval. In most clinical settings, however, such as 
Dslr el or angina where there is little correlation between plasma levels and clinical 
effect, INDERAL LA has been therapeutically equivalent to the same mg dose of conventional 
INDERAL as assessed by 24-hour effects on blood pressure and on 24-hour exercise re- 
sponses of heart rate, systolic pressure, and rate pressure product. INDERAL LA can provide 
effective beta blockade for a 24-hour period. 


INDICATIONS AND USAGE. Hypertension: |NDERAL LA is indicated in the manage- 
ment of hypertension; it may be used alone or used in combination with other antihypertensive 
agents, particularly a thiazide diuretic. INDERAL LA is not indicated in the management of 
hypertensive emergencies 
Pectoris Due to Coronary Atherosclerosis: |NDERAL LA is indicated for the 
gh cll management of patients with angina pectoris 
ine: INDERAL LA is indicated for the prophylaxis of common migraine headache 
The efficacy of propranolol in the treatment of a migraine attack that has started has not been 
established and propranolol is not indicated for such use. 
ic Subaortic Stenosis: |NDERAL LA is useful in the management of hyper- 
trophic subaortic stenosis, especially for treatment of exertional or other stress-induced 
angina, palpitations, and syncope. INDERAL LA also improves exercise performance. The 
effectiveness of propranolol hydrochloride in this disease appears to be due to a reduction of 
the elevated outflow pressure gradient which is exacerbated by beta-receptor stimulation. 
Clinical improvement may be temporary. 


CONTRAINDICATIONS. |NDERAL is contraindicated in 1) cardiogenic shock, 2) sinus 
bradycardia and greater than first-degree 
block; 3) bronchial asthma; 4) congestive heart 
failure (see WARNINGS) unless the failure is 
secondary to a tachyarrhythmia treatable with 
INDERAL. 


WARNINGS. CARDIAC FAILURE: Sympa- 
thetic stimulation may be a vital component 
supporting circulatory function in patients with 
congestive heart failure, and its inhibition by 
beta blockade may precipitate more severe 
failure. Although beta blockers should be 
avoided in overt congestive heart failure, if nec- 
essary, they can be used with close follow-up in 
patients with a history of failure who are well 
compensated and are receiving digitalis and 
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as Beta-adrenergic blocking agents do not abolish the inotropic action of digitalis on 
eart muscle 

IN PATIENTS WITHOUT A HISTORY OF HEART FAILURE, continued use of beta blockers 
can, in some cases, lead to cardiac failure. Therefore, at the first sign or symptom of heart 
failure, the patient should be digitalized and/or treated with diuretics, and the response 
observed closely, or INDERAL should be discontinued (gradually, if possible). 















IN PATIENTS WITH ANGINA PECTORIS, there have been reports of exacerbation of 
angina and, in some cases, myocardial infarction, following abrupt discontinuance of 
INDERAL therapy. Therefore, when discontinuance of INDERAL is planned, the dosage 
should be gradually reduced over at least a few weeks, and the patient should be 
cautioned against interruption or cessation of therapy without the physician's advice. If 
INDERAL therapy is interrupted and exacerbation of angina occurs, it usually is advisable 
to reinstitute INDERAL therapy and take other measures appropriate for the management 
of unstable angina pectoris. Since coronary artery disease may be unrecognized, it ma 

be prudent to follow the above advice in patients considered at risk of having occult 
atherosclerotic heart disease who are given propranolol for other indications. 


Nonallergic rete toate (eg, chronic bronchitis, emphysema) — PATIENTS 
WITH BRONCHOSPASTIC DISEASES SHOULD IN GENERAL NOT RECEIVE BETA 
BLOCKERS. INDERAL should be administered with caution since it may block bronchodilation 


produced by endogenous and exogenous catecholamine stimulation of beta receptors 

MAJOR SURGERY: The necessity or desirability of withdrawal of beta-blocking therapy prior 
to major surgery is controversial. It should be noted, however, that the impaired ability of the 
heart to respond to reflex adrenergic stimuli may augment the risks of general anesthesia and 
surgical procedures. 

INDERAL (propranolol HC)), like other beta blockers, is a Compo inhibitor of beta-recep- 
tor agonists and its effects can be reversed by administration of such agents, eg, dobutamine 
or isoproterenol. However, such patients may be subject to protracted severe hypotension. 
Difficulty in starting and maintaining the heartbeat has also been reported with beta blockers 

DIABETES AND HYPOGLYCEMIA: Beta blockers should be used with caution in diabetic 
patients if a beta-blocking agent is required. Beta blockers may mask tachycardia occurring 
with hypoglycemia, but other manifestations such as dizziness and sweating may not be 
significantly affected. Following insulin-induced hypoglycemia, propranolol may cause a delay 
in the recovery of blood glucose to normal levels. 

THYROTOXICOSIS: Beta blockade may mask certain clinical signs of hyperthyroidism. 
Therefore, abrupt withdrawal of propranolol may be followed by an exacerbation of symptoms 
of hyperthyroidism, including thyroid storm. Propranolol may change thyroid function tests, 
increasing T4 and reverse T3, and decreasing T3. 

IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases have been 
reported in which, after propranolol, the tachycardia was replaced by a severe bradycardia 
requiring a demand pacemaker. In one case, this resulted after an initial dose of 5 mg 
propranolol 


PRECAUTIONS. GENERAL: Propranolol should be used with caution in patients with im- 
paired hepatic or renal function. INDERAL (propranolol HCI} is not indicated for the treatment of 
hypertensive emergencies 
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Beta-adrenoreceptor blockade can cause reduction of intraocular pressure. Patients should 
be told that INDERAL may interfere with the glaucoma screening test. Withdrawal may,lead to a 
return of increased intraocular pressure. 

CLINICAL LABORATORY TESTS: Elevated blood urea levels in patients with severe heart 
disease, elevated serum transaminase, alkaline phosphatase, lactate dehydrogenase. 

DRUG INTERACTIONS: Patients receiving catecholamine-depleting drugs such as reser- 
pine should be closely observed if INDERAL (propranolol HCl) is administered. The added 
catecholamine-blocking action may produce an excessive reduction of resting sympathetic 
nervous activity which may result in hypotension, marked bradycardia, vertigo, syncopal 
attacks, or orthostatic hypotension 

Caution should be exercised when patients receiving a beta blocker are administered a 
calcium-channel-blocking drug, especially intravenous verapamil, for both agents may de- 
press myocardial contractility or atrioventricular conduction. On rare occasions, the concomi- 
tant intravenous use of a beta blocker and verapamil has resulted in serious adverse reactions, 
especially in patients with severe cardiomyopathy, congestive heart failure, or recent myocar- 
dial infarction 

Aluminum hydroxide gel greatly reduces intestinal absorption of propranolol. 

Ethanol slows the rate of absorption of propranolol. 

Phenytoin, phenobarbitone, and rifampin accelerate propranolol.clearance. 

Chlorpromazine, when used concomitantly with propranolol, results in increased plasma 
levels of both drugs. 

Antipyrine and lidocaine have reduced clearance when used concomitantly with 
propranolol. 

Thyroxine may result in a lower than expected T} concentration when used concomitantly 
with propranolol. 

Cimetidine decreases the hepatic metabolism of propranolol, delaying elimination and 
increasing blood levels. 

Theophylline clearance is reduced when used Fh pag heyt propranolol. 

CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Long-term studies in 
animals have been conducted to evaluate toxic effects and carcinogenic potential. In 18- 
month studies in both rats and mice, employing doses up to 150 mg/kg/day, there was no 
evidence of significant drug-induced toxicity. There were no drug-related tumorigenic effects 
at any of the dosage levels. Reproductive studies in animals did not show any impairment of 
fertility that was attributable to the drug. 

PREGNANCY: Pregnancy Category C. INDERAL has been shown to be embryotoxic in 
animal studies at doses about 10 times greater than the maximum recommended human dose. 

There are no adequate and well-controlled studies in pregnant women. INDERAL should be 
used during pregnancy only if the potential benefit justifies the potential risk to the fetus. 

NURSING MOTHERS INDERAL is excreted in human milk. Caution should be exercised 
when INDERAL is administered to a nursing woman. 

PEDIATRIC USE: Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS. Most adverse effects have been mild and transient and have rarely 
required the withdrawal of therapy. 

ardiovascular: Bradycardia; congestive heart failure; intensification of AV block; hypoten- 
sion; paresthesia of hands; thrombocytopenic purpura: arterial insufficiency, usually of the 
Raynaud type. é' 

Central Nervous System: Light-headedness; mental depression manifested by insomnia, 
lassitude, weakness, fatigue; reversible mental depression progressing to catatonia; visual 
disturbances; hallucinations; vivid dreams; an 
acute reversible syndrome characterized by 
disorientation for time and place, short-term 
memory loss, emotional lability, slightly 
clouded sensorium, and decreased perfor- 
mance on neuropsychometrics. For immediate 
formulations, fatigue, lethargy, and vivid 
dreams appear dose related. 

Gastrointestinal: Nausea, vomiting, epigas- 
tric distress, abdominal cramping, diarrhea, 
constipation, mesenteric arterial thrombosis, 
ischemic colitis. 

Allergic: Pharyngitis and agranulocytosis, 
erythematous rash, fever combined with ach- 
ing and sore throat, laryngospasm and respira- 
tory distress. 


60mg 80mg 120mg 


HE 


Respiratory: Bronchospasm. f 

Hematologic: Agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic purpura. 

se la In extremely rare instances, systemic lupus erythematosus has been 
reported. 

Miscellaneous. Alopecia, LE-like reactions, psoriasiform rashes, dry eyes, male impotence, 
and Peyronie’s disease have been reported rarely. Oculomucocutaneous reactions involving 
the skin, serous membranes and conjunctivae reported for a beta blocker (practolol) have not 
been associated with propranolol 


DOSAGE AND ADMINISTRATION. |NDERAL LA provides propranolol hydrochloride ina 
sustained-release capsule for administration once daily. If patients are switched from INDERAL 
Tablets to INDERAL LA Capsules, care should be taken to assure that the desired therapeutic 
effect is maintained. INDERAL LA should not be considered a simple mg-for-mg substitute for 
INDERAL. INDERAL LA has different kinetics and produces lower blood levels. Retitration may 
be necessary, especially to maintain effectiveness at the end of the 24-hour dosing interval. 

HYPERTENSION — Dosage must be individualized. The usual initial dosage is 80 mg 
INDERAL LA once daily, whether used alone or added to a diuretic. The dosage may be 
increased to 120 mg once daily or higher until adequate blood-pressure control is achieved. 
The usual maintenance dosage is 120 to 160 mg once daily. In some instances a dosage of 640 
mg may be required. The time needed for full hypertensive response to a given dosage is 
variable and may range from a few days to several weeks. 

ANGINA PECTORIS —Dosage must be individualized. Starting with 80 mg INDERAL LA 
once daily, dosage should be gradually increased at three- to seven-day intervals until optimal 
response is obtained. Although individual patients may respond at any dosage level, the 
average optimal dosage appears to be 160 mg once daily. In angina pectoris, the value and 
safety of dosage exceeding 320 mg per day have not been established. 

If Aerie Me is to be discontinued, reduce dosage gradually over a period of a few weeks (see 
WARNINGS). 

MIGRAINE — Dosage must be individualized. The initial oral dose is 80 mg INDERAL LA 
once daily. The usual effective dose range is 160-240 mg once daily. The dosage may be 
increased gradually to achieve optimal migraine prophylaxis. lf a satisfactory response is not 
obtained within four to six weeks after reaching the maximal dose, INDERAL LA therapy should 
be discontinued. It may be advisable to withdraw the drug gradually over a period of several 
weeks, 

HYPERTROPHIC SUBAORTIC STENOSIS — 80-160 mg INDERAL LA once daily. 
PEDIATRIC DOSAGE — At this time the data on the use of the drug in this age group are too 
limited to permit adequate directions for use. 

*The appearance of these capsules is a registered trademark of Ayerst Laboratories. 


160 mg 


Reference: 
1. Data on file, Ayerst Laboratories, 
Y q WYETH-AYERST 52513 
f LABORATORIES 
en a Ee 10) ©1988 Ayerst Laboratories. 
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Letters to the Editor 


Letters to the editor should be submitted as an original and two duplicates. They should be 
typewritten double-spaced on plain bond paper; they will be subject to editing. If they are 
prepared on a word processor, do not justify the right margin. A copyright transmittal letter 
signed by all authors must accompany this (see “Instructions for Authors”). 


Clear Thinking, 
Electroencephalography, 
and Brain Death 


To the Editor.—Grigg et al! in the 
September 1987 issue of the ARCHIVES 
cast doubt on the usefulness of the 
electroencephalogram as a confirma- 
tory test of brain death. The accep- 
tance of brain death as a final event by 
relatives is, in part, dependent on the 
medical profession’s acceptance of 
brain death as death.’ 

The criteria of Grigg et al and their 
use of the term “brain death” consti- 
tute a shift from the American use of 
the term to the British. The American 
criteria of death, as proposed by the 
President’s Commission,’ include “ir- 
reversible cessation of all functions of 
the entire brain, including the brain 
stem.” This is a state and is indepen- 
dent of diagnosis. Grigg et al include a 
primary cause of coma as part of their 
criteria, as do the British.‘ 

The testing of brain-stem function 
can diagnose brain-stem death but not 
brain death.’ The abandonment of any 
tests other than that of brain-stem 
function make it impossible to be sure 
that all functions of the entire brain 
have ceased. Grigg et al also failed to 
include metabolic and endocrine 
causes of coma in their exclusion cri- 
teria. 

It could be argued that it is academic 
to worry about the cortex when brain- 
stem function is lost, but having taken 
part in brain-death protocols on both 
sides of the Atlantic, I am sure part of 
the profession’s and the public’s un- 
ease with the concept is the fudging of 


the issues. 
SIMON J. ELLIS, MRCP 
Department of Neurology 
The Mount Sinai Medical Center 
One Gustave L. Levy Pl 
New York, NY 10029 
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Electroencephalogram as a 
Confirmatory Test for Brain Death 


To the Editor.—The article by Grigg 
et al in a recent issue of the ARCHIVES! 
concluded that the electroencephalo- 
gram (EEG) may be a poor confirma- 
tory test for brain death because 
widespread EEG activity was found in 
the records of 19.6% of 56 consecutive 
patients clinically diagnosed as brain 
dead. 

We are concerned that the authors’ 
methods for determining apnea were 
inadequate. Hence, we question 
whether all, or even most, of their 
patients met “stringent clinical crite- 
ria for brain death,” as claimed. 

Documentation of apnea (indicating 
absence of the brain-stem respiratory 
reflex) has always been an essential 
part of the clinical examination of the 
suspected brain-dead patient. The 
authors’ clinical criteria for brain 
death were based principally on the 
report of the President’s Commission 
on determination of death? and the 
brain-death code of the United King- 
dom.’ Both of these reports recom- 
mend formal apnea tests with 10- 
minute disconnection times and docu- 
mentation of hypercapnia sufficient 
to stimulate the brain-stem respirato- 
ry centers. 

However, in the authors’ study, 
35% of all patients did not have any 
formal apnea test. The remaining 
patients underwent apnea tests with 
disconnection times of 4 to 10 minutes. 
In today’s world of critical care medi- 
cine and neurology, an apnea test 
should not be considered as adequate 
unless the Paco, value is shown to 
reach or exceed the threshold of 60 
mm Hg.*** No values for end-of-test 
Paco, were provided by the authors, 
and it is doubtful whether many of 


these patients reached the threshold 
of 60 mm Hg unless there was prior 
adjustment of pretest arterial blood 
gas values. 

Our own published data seem to be 
at odds with the findings in the article 
by Grigg et al. In our study of the 
apnea test in 20 patients suspected 
clinically of experiencing brain 
death,’ 19 patients were apneic with 
end-of-test Paco, values exceeding 60 
mm Hg, and all 19 patients had elec- 
trocerebral silence demonstrated on 
EKG. One patient breathed during the 
apnea test; the EEG showed diffuse 
bilateral activity (6 to 8 Hz) unrespon- 
sive to external stimuli. Certainly, in 
a study of “brain-dead patients” 
where the apnea test is omitted or 
done improperly, this subject would 
have fit the description of a “brain- 
dead patient with residual EEG activ- 
ity.” 

Neurologists and electroencepha- 
lographers are well aware of both the 
pitfalls and usefulness of the EEG in 
the setting of brain death. However, 
no confirmatory test, whether an 
EEG or a radionucleotide cerebral 
perfusion study, can replace a careful 
and meticulous clinical evaluation of 
the suspected brain-dead patient. An 
adequate apnea test must be part of 


this clinical evaluation. 
JERRY M. BELSH, MD 
Department of Neurology 
Division of Clinical Neurophysiology 
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EEG Activity After Brain Death? 


To the Editor.—Brain death is defined 
as a state of total absence of function 
of the brain.' Adopting this definition 
one might ask whether electrical 
activity derived from the scalp of a 
dying patient is a function of the 
brain or not. This underscores the 
need for a clear distinction of what 
special function has been evaluated by 
which means. Clinical diagnosis of 
brain-stem death rests on the knowl- 
edge of the primary cause of the coma 
and the abolishment of brain-stem 
reactivity. Technical investigations 
undertaken to confirm the diagnosis 
of brain death may, of course, yield 
seemingly contradictory results. Ev- 
erybody who is engaged in determin- 
ing brain death has noted an isoelec- 
tric electroencephalographic (KEG) 
recording before, as well as electrical 
brain activity after, the clinical diag- 
nosis has been made. It has been 
pointed out that EEG silence may lag 
behind clinical signs of brain death 
from 1 to 8 days.’ 

The West German “Scientific Advi- 
sory Board of the Federal Chamber of 
Physicians” (Wissenschaftlicher Bei- 
rat der Bundesadrztekammer), in its 
1986 revision of the 1982 decision cri- 
teria for the diagnosis of brain death,’ 
distinguished between primary supra- 
tentorial and primary infratentorial 
brain lesions. It recommends that in 
any case of a primary infratentorial 
lesion an EEG should be performed, 
since it is known that electrical brain 
activity may outlast apnea and loss of 
other brain-stem signs for many 
hours.’ Occasionally, isolated brain- 
stem death can be observed when 
brain-stem functions have ceased 
while the hemispheres are still elec- 
trically active, as evidenced by pre- 
served visual evoked potentials and 
EEG (alpha wave!) activity... This 
state may last for several days, as we 
ourselves have noted in a patient with 
thrombosis of the basilar artery.’ Two 
of the patients of Grigg et al’ seem to 
have suffered a similar condition, 
since the neuropathologic diagnosis 
was ischemic necrosis of the entire 
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brain stem with relative sparing of 
the cerebral hemispheres noted in one 
patient and preservation of the cere- 
bral hemispheres noted in another. 
This condition of infratentorial or 
brain-stem death should be distin- 
guished from brain death.’ 

Electroencephalographic activity 
after clinical diagnosis of brain-stem 
death seems to be a rather rare event 
when all guidelines for the determina- 
tion of brain death are adhered to 
meticulously. One very important sign 
is apnea. While Grigg et al’ state that 
the clinical diagnosis of brain death 
was established when the clinical 
examination demonstrated no sponta- 
neous respiration, they go on saying 
that “apnea testing was performed on 
36 (64.3%) of 56 patients.” How was 
loss of spontaneous respiration dem- 
onstrated in the remaining 20 pa- 
tients? There are guidelines for the 
correct handling of apnea testing.’ By 
contemporary standards, I would con- 
sider demonstrating the absence of 
spontaneous respiration by simply 
disconnecting the patient from the 
respirator without determining Paco, 
and Pao, values as insufficient. 

In a series of 90 consecutive 
patients, diagnosed by me or my col- 
leagues from 1984 to 1987, EEG was 
performed in 73 patients (81.1%). 
Fourteen patients (15.5% ) underwent 
exploration by angiography; no con- 
firmatory technical examination was 
performed in 9 patients (10.0%), 
because no organ removal was under 
consideration. Of the 73 patients, 8 
(10.9%) had distinctive or equivocal 
EEG activity that prompted one or 
more follow-up recordings. In 6 cases 
(6.7%), angiography was performed 
because of an equivocal EEG or 
because intoxication could not be 
ruled out. In 1 patient with a gunshot 
wound to the brain, angiography dis- 
closed contrast medium up to the stem 
of the middle cerebral artery, but the 
EEG was silent. 

I think that a person should not be 
declared brain dead before it has been 
ascertained by reasonable and reli- 
able means that the whole brain has 
lost its function. I cannot follow the 
argument that everybody who has lost 
brain-stem reflexes will die inevit- 
ably, despite preserved EEG activity. 
We should take care not to mistake a 
fatal prognosis for the outcome. Even 
if the specific shortcomings of an 
EEG recording are taken into 
account, it can be recommended as a 
noninvasive method suitable for 
implementation of clinical testing. 
The use of EEG as a confirmatory test 
of brain death is, in our opinion, of 


unquestionable value and should be 
performed in all cases of primary or 
isolated infratentorial lesions. Elec- 
troencephalographic activity can, 
strictly speaking, only be observed 
before brain death. 

CHRISTOPH J. G. LANG, MD 

Neurological Unit 

University of Erlangen-Nuremberg 

Schwabachanlage 6 

D-8520 Erlangen, West Germany 
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The Value of the EEG in 
Determining Brain Death 


To the Editor.—Grigg et al' reported 
in the September 1987 issue of the 
ARCHIVES the phenomenon of persis- 
tent electroencephalographic (EEG) 
activity following “brain death.” 
Their conclusion, that EEG is of ques- 
tionable value as a confirmatory test 
of brain death, is not completely sup- 
ported by the data presented. For 
example, of 11 patients in whom EEG 
activity persisted after brain death, 
only 6 had undergone radionucleotide 
cerebral perfusion scans to confirm 
brain death. In fact, one such scan re- 
vealed good cerebral flow. Therefore, 
in 5 patients, the only measure of the 
validity of EEG in the confirmation of 
brain death was the bedside examina- 
tion. The validity of a confirmatory 
test (ie, EEG) cannot be assessed by 
the very entity that needs to be con- 
firmed. Rather, a confirmatory test 
must be compared with another test of 
equal or better specificity, such as 
angiography or radionucleotide cere- 
bral perfusion scanning. 

The lack of apnea testing in 20 of 56 
patients is problematic. As apnea 
testing is not a confirmatory test of 
brain death but, rather, an essential 
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ingredient of the bedside diagnosis of 
brain death, in reality only 36 of 56 
patients met accepted criteria for 
brain death.? In addition, the authors 
did not specify which of 11 patients 
with persistent EEG activity had 
undergone apnea testing. This infor- 
mation should be provided. 

Last, two patients are described 
who had sleeplike activity recorded on 
EEG after meeting the criteria for 
so-called brain death. Whole brain 
death is incompatible with sleep or 
sleeplike patterns on EEG. These two 
cases point to the potential unreliabil- 
ity of the bedside examination to diag- 
nose whole brain death and argue for 
the value of EEG as a confirmatory 


test in brain death. 
CHRISTOPHER M. DE GiorGcio, MD 
Department of Neurology 
University of Southern California 
School of Medicine 
2025 Zonal Ave 
Los Angeles, CA 90033 
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The Semantic Confusion 
Surrounding ‘Brain Death’ 


To the Editor.—Grigg and colleagues’ 
in a past issue of the ARCHIVES have 
documented that electroencephalo- 
graphic (EEG) activity, sometimes 
bearing a striking resemblance to 
physiologic sleep, can persist in the 
presence of extensive brain-stem 
infarcts. This is hardly surprising nor 
is it new information. The only really 
new contribution of the article is the 
increase in semantic confusion gener- 
ated by labeling such a state “brain 
death.” 

The British, whose concepts in- 
spired the authors, are at least some- 
what more attentive to terminologic 
exactitude. They speak of “brain-stem 
death,” by which they mean death 
(destruction) of the brain stem, the 
relevance of which is that it indicates 
an invariably fatal prognosis, despite 
the use of aggressive life-support 
technology. The main reason for 
wanting to diagnose this condition is 
to demonstrate the futility of such 
treatment, as a justification for with- 
drawing it.** “Brain-stem death” so 
understood is, of course, a perfectly 
legitimate concept, from both clinical 
and ethical perspectives. 

This letter would not have been 
written had it not been for the fact 
that reputable physicians have al- 
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ready begun to refer to the article by 
Grigg et al as an authoratitive refer- 
ence for the notion that EEGs are 
useless in the diagnosis of death—not 
just of the brain stem—but of the 
patient.’ But the central argument of 
our British colleagues and of Grigg et 
al, ie, that death (destruction) of the 
brain stem infallibly predicts death, 
reveals the conceptual distinction 
between death of the brain stem and 
death of the person. Moreover, it 
implies that these two concepts are 
mutually exclusive. Fatal prognoses 
are net made on corpses. 

That “brain-stem death” is not per- 
sonal death follows from the fact that 
the cerebral dysfunction induced by 
the fermer is, in theory, potentially 
reversible, by means of stimulation of 
the reticular activating system rostral 
to the brain-stem lesion. In fact, this 
has actually been accomplished in 
humans who have become comatose 
from various brain-stem lesions.‘ 
Obviously, such patients were not 
“dead,” nor were they “brain dead” in 
the sense of “death of the brain as a 
whole,” as some proponents of the 
“brain-stem-death” concept have ar- 
gued.* A fortiori, such patients should 
not be labeled “clinically dead,” or 
“legally dead,” terms often used inter- 
changeably with “brain dead.” Nei- 
ther should absence of brain-stem 
function for some arbitrary, brief 
period of time be construed as indicat- 
ing death of the brain stem,’ particu- 
larly in newborns,’ in spite of the fact 
that some clinicians cite the British 
literature as a putative justification 
that “brain death” in newborns (and 
even in premature infants) can be 
confidently diagnosed on the basis of 
the clinical examination alone.’ 

Because the term “brain death,” at 
least in the United States, is generally 
understood to mean “death of the 
person by virtue of death of the 
(whole) brain,” it is simply obfuscato- 
ry to employ that term as the theme of 
an article about extensive brain-stem 
infarction, plus or minus variable 
degrees of hemispheric damage. Even 
prior to the article by Grigg et al, 
there was already too much equivoca- 
tion in the use of the term “brain 
death”’;'? now the semantics have 
become hopelessly confused. We 
would be better off abandoning this 
term altogether, using instead 
phrases less susceptible to multiple 
interpretations, such as “personal 
death diagnosed by neurologic crite- 
ria,” “death of the whole brain,” or 
“death of the brain stem.” 

More importantly, given that a 
major reason for diagnosing “brain 


death” is the selection of organ 
donors, such obfuscation is exceeding- 
ly dangerous. Inevitable future fatali- 
ty (as accompanies death of the brain 
stem) does not constitute sufficient 
justification for organ removal. Thus, 
when the British first officially 
defined “brain death” in terms of 
“brain-stem death” for purposes of 
prognostication and treatment with- 
drawal (without implying any equiva- 
lence with personal death), but then, 
2% years later, officially equated 
“brain death” with “death” for pur- 
poses of organ transplantation," they 
committed a logical fallacy with 
extremely serious ethical conse- 
quences. Ironically, this second decla- 
ration did not even mention the brain 
stem but employed the term “brain 
death” throughout, equating it with 
“death” on the basis that “all func- 
tions of the brain have permanently 
and irreversibly ceased,”!! in evident 
inconsistency with the claim that this 
report merely “supplements” the pre- 
vious one, which stated that “perma- 
nent functional death of the brain 
stem constitutes brain death.” 

Grigg et al perpetuate this same 
logical fallacy. Some, if not all, of the 
patients they described were clearly 
not dead at the time they had EEG 
activity (especially those with purely 
brain-stem lesions and sleeplike 
EEGs), even though they were coma- 
tose and had an ultimately fatal neu- 
rologic lesion. Although their condi- 
tion surely justified the withdrawal of 
ventilatory support, it would not in 
any way have justified the removal of 
their vital organs. Far from demon- 
strating the uselessness of the EEG in 
brain-death determinations, such 
cases reinforce the importance of the 
EKG in protecting patients and physi- 
cians alike against false clinical diag- 
noses of death, with the consequence 
that some patients’ deaths will be 
unintentionally caused by the trans- 
plant team rather than by the natural 


processes of disease. 
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In Reply.—We were encouraged by 
the discussion created by our article! 
on electroencephalographic (EEG) 
activity following brain death. Drs 
Lang, Ellis, Belsh, De Giorgio, and 
Shewmon expressed some concern 
regarding our methodology. All 
patients in our study had identifiable 
irreversible primary damage to their 
central nervous system as the cause of 
their clinical state. Drug intoxication, 
including the single case of acetamin- 
ophen poisoning, which resulted in 
respiratory arrest and hypothermia, 
had been excluded. 

Formal apnea testing was docu- 
mented in the charts of 36 (64% ) of 56 
patients. Formal apnea testing con- 
sisted of preoxygenation with 100% 
oxygen for 10 minutes, then discon- 
nection from the respirator for a peri- 
od of 10 minutes, while 6 to 10 L/min 
of oxygen was administered via an 
intratracheal catheter. Arterial blood 
gas studies were performed to confirm 
that a Paco, value of greater than 60 
mm Hg had been reached. Eight of 
these patients had disconnection peri- 
ods of only 4 or 5 minutes, because a 
Paco, value of at least 60 mm Hg was 
reached in less than 10 minutes (six of 
eight patients) or a profound drop in 
blood pressure prevented further con- 
tinuation of testing (two of eight 
patients). 

All 11 patients with EEG activity 
after clinical brain death had formal 
apnea testing. Ten of 11 patients were 
disconnected from the respirator for 
10 minutes; in one (patient 11), the 
apnea test was aborted at 5 minutes 
because of a fall in blood pressure. 

The remaining 20 patients had 
apnea tests with disconnection peri- 
ods ranging from 3 to 10 minutes: all 
were preoxygenated and had received 
supplemental oxygen during the test, 
but none had undergone blood gas 
analyses to document their arterial 
Paco, values. All 20 patients with 
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less-stringent apnea testing had elec- 
trocerebral silence by EEG, 12 had 
two EEGs, 24 hours apart, both dem- 
onstrating electrocerebral silence; 
and 15 had radionuclear cerebral 
blood flow studies showing no blood 
flow. 

Are these “informal” methods of 
apnea testing acceptable? Unfortu- 
nately, they are common. Earnest et 
al? surveyed neurologists in Colorado 
and California and noted that 65% of 
129 respondents performed apnea 
tests for no more than 3 minutes, only 
23% measured arterial Paco., and 
only 12% used rigorous published 
methods for apnea testing. Black and 
Zervas? studied practice preferences 
among American neurologists and 
neurosurgeons and noted 84% of the 
respondents performed apnea tests of 
only 3 minutes’ duration but, ironical- 
ly, 65% required an EEG and 36% 
required two EEGs, 24 hours apart, 
showing electrocerebral silence to 
establish a diagnosis of brain death. 

The national Presidential Commis- 
sion* published guidelines for the 
determination of death, but their rec- 
ommendations regarding apnea test- 
ing are rather reticent, noting “ade- 
quate testing for apnea is very impor- 
tant,” and suggesting a 10-minute dis- 
connection period would be “suffi- 
cient” because it would “usually” 
result in Paco, values greater than or 
equal to 60 mm Hg. Blood gas analy- 
ses were not required, but “can be 
used.” A review of the medical litera- 
ture confirms continuing disagree- 
ment regarding the optimum tech- 
nique for apneic oxygenation test- 
ing2> Suggested values for test 
duration differ from 15 to 20 min- 
utes,°* 10 minutes,*”'*!> 5 minutes,” 
and a time calculated on the projected 
rise in Paco, values.’ Nor has the 
value of the actual arterial carbon 
dioxide threshold been agreed on, 
with recommended values ranging 
from 44 to 90 mm Hg.*’?"* 

We fear, as evidenced by some “in- 
formal” apnea testing, that physi- 
cians use the EKG as a substitute for 
meticulous clinical examination. It 
disturbs us that the EEG, a test Dr 
Lang notes “everybody” knows has so 
many false-positive and false-nega- 
tive findings, still continues to be used 
on the chance it will show what we 
want it to show. We argue, as does Dr 
Belsh, that physicians should rely on 
their clinical skills rather than ancil- 
lary tests fraught with false-positive 
and false-negative results. It is our 
contention that the diagnosis of brain 
death is currently best established by 
clinical criteria. Flaws can be found in 


each of the currently available ancil- 
lary tests. 

Dr Ellis correctly notes our prefer- 
ence for a definition of brain death 
based on irreversible death of the 
brain stem, but this is a choice by 
default, rather than by pursuing an 
unrealistic and unattainable “irre- 
versible cessation of all functions of 
the entire brain, including the brain 
stem.’ Moreover, we argue that resid- 
ual electrical activity emanating from 
the deafferented cerebral cortex 
should not be construed as brain life. 
Nor do we know of any brain-death 
criteria that requires proof of the 
absolute death of each and every cell 
within the brain to determine if brain 


death has occurred. 
MADELEINE MARIE GRIGG-DAMBERGER, MD 
GASTONE G. CELESIA, MD 
MICHAEL A. KELLY, MD 
Department of Neurology 
Loyola University of Chicago 
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Carotid Plaque Disruption 


To the Editor.—We found the hypoth- 
esis of carotid plaque disruption pro- 
posed by Fisher et al! interesting but 
at variance with our clinicopathologic 
data in Toronto, Canada. The authors 
emphasize surface events in carotid 
plaques, but we believe that events 
within the body of the plaque may be 
equally, or even more, important. 

We evaluated 71 consecutive symp- 
tomatic carotid plaques, and found 
85% had large hemorrhages, about 
half of which were massive and 
destructive to the plaque. The hemor- 
rhages were mainly deeply situated, 
rarely connected to the lumen, but 
occurred mainly at the “shoulder” of 
the plaque, often the site of rich vas- 
cularity. Intraluminal clot was micro- 
scopic and infrequent except in one 
occluded case. Intraplaque hemor- 
rhages were often older than the 
elapsed time, since symptoms, appar- 
ently preceding clinical events by 
weeks, were presumably not directly 
related. One patient underwent bilat- 
eral carotid surgery, and the patho- 
logic findings of the symptomatic 
plaque were identical in appearance to 
that of the asymptomatic side. The 
only clear correlation was that the 
frequency of plaque hemorrhages 
related highly to the severity of steno- 
sis. 

These initial data suggest to us that 
plaque hemorrhages are simply mark- 
ers of plaque “instability,” play little 
role in the genesis of symptoms, and 
as plaques become severely stenosing, 
they disrupt. Whether the plaque is 
symptomatic depends more on wheth- 
er the debris and (?) surface emboli 
hit “silent” or eloquent areas of the 
brain, and whether they are large 
enough to cause symptoms. Even 
more intriguing, our data similar to 
that of Fisher and Ojemann? do not 
strongly suggest an embolic cause for 
most ischemic strokes. Rather, they 
suggest that many strokes result from 
hemodynamic obstruction of regional 
cerebral perfusion, an old idea revis- 
ited. 

JOHN W. Norris, MD 

ADAM KRAJEWSKI, MD 

NATAN M. BORNSTEIN, MD 

ANTHONY J. LEWIS, MD 

Stroke Research Unit and 
Department of Pathology 

Sunnybrook Medical Centre 
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In Reply.—We thank Norris and col- 
leagues for their insightful comments. 
They observed the frequent presence 
of large intraplaque hemorrhages in 
carotid endarterectomy specimens 
from symptomatic patients. Yet, the 
intraplaque hemorrhages were not 
related to development of ischemic 
symptoms because the age of the hem- 
orrhages appeared to predate symp- 
tom development. These results are 
similar to those of Lennihan et al' who 
observed plaque hematomas in 96 of 
198 carotid endarterectomy speci- 
mens, but concluded that there was no 
significant association between ipsi- 
lateral ischemic symptoms and the 
presence of intraplaque hemorrhage. 
Neither study can directly answer the 
question as to whether intimal sur- 
face disruption initiates ischemic 
symptoms and promotes the develop- 
ment of intraplagque hemorrhage 
because sections were apparently not 
obtained at 100- to 200-um intervals, 
and the time delay to pathologic anal- 
ysis of subacute and chronic hemato- 
mas could have allowed for intimal 
repair. Additionally, the presence of 
intraplaque hemorrhage in both stud- 
ies was associated with high-grade 
carotid stenosis, but not acute ipsilat- 
eral symptoms.? The question con- 
cerning the mechanism of intraplaque 
hemorrhage development and how 
this relates to intimal disruption and 
ipsilateral ischemic symptoms may 
best be answered by carefully study- 
ing arterial specimens from patients 
who die acutely after carotid artery 
occlusion.’ We still believe that dis- 
ruption of the carotid artery plaque 
surface is an important initiator of 
ischemic symptoms and intraplaque 


hemorrhage. 
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Regional Cerebral Blood Flow in 
Classic Migraine 


To the Editor.—In their recent article 
Andersen et al’ have further clarified 
the regional cerebral blood flow pat- 
terns in classic migraine. As the 
authors conclude the focal hypoperfu- 
sion is responsible for the neurologic 
accompaniments of classic migraine, 
thus confirming the original hypothe- 
sis of Wolff.2? However, no correlation 
was found between the onset of head- 
ache and the development of hyper- 
emia that occurred long after the 
onset of headache and persisted much 
longer than the headache phase. As a 
result, the authors! concluded that “it 
is unlikely that the headache is trig- 
gered by hyperemia.” 

This latter conclusion may be some- 
what premature because it was 
believed by Wolff? that the headache 
resulted from primarily dilatation of 
the extracranial vessels. Therefore, 
the lack of correlation between 
regional cerebral blood flow and head- 
ache may not be surprising. Is there a 
method by which the same techniques 
can be applied to the extracranial 
circulation while simultaneously mea- 
suring regional cerebral blood flow so 
that the two symptoms can be corre- 


lated? 
N. VIJAYAN, MD 
Headache and Neurology Clinic 
2600 Capitol Ave 
Sacramento, CA 95816 
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Cerebral Hypoperfusion Followed 
by Hyperperfusion in Classic 
Migraine 


To the Editor.—In a recent article in 
the ARCHIVES, Renard Andersen et al! 
reported the results obtained with 
xenon 133 inhalation in combination 
with single photon emission computed 
tomography in classic migraine. The 
technique permits the detailed exami- 
nation of cerebral blood flow without 
actual invasion by puncture or cathe- 
terization of the very arteries 
involved in the examination. It is of 
great interest to learn that in seven of 
their 12 patients with classic migraine 
during seven attacks, even at inter- 
vals of 1% hours or longer after the 
onset of the neurologic symptoms, 
they found major decreases in region- 
al cerebral blood flow in areas corre- 
sponding to the clinical symptoms. 
The degree of hypoperfusion, at some 
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points dipping into the region of actu- 
al ischemia, and the subsequent 
delayed cerebral hyperperfusion in 
the same location as the areas of 
hypoperfusion, lead them to the con- 
clusion that “a state of arteriolar 
vasoconstriction is present and that 
transient focal cerebral ischemia 
offers an explanation to aura symp- 
toms.” 

This conclusion tends to support the 
postulation by Wolff? and his group 
half a century ago that the aura of 
classic migraine is related to cerebral 
ischemia of vascular origin and may 
be alleviated by correcting the cere- 
bral ischemia by breathing appropri- 
ate concentrations of amyl nitrite’ or 
carbon dioxide.* However, the au- 
thors! of the article come to another 
conclusion with which we can agree 
only in part. This has to do with the 
cause of the headache that may, or 
may not, follow the aura. They state: 
“We are now reporting that the throb- 
bing headache often disappears while 
CBF [cerebral blood flow] hyperemia 
persists. This is further evidence 
against the hypothesis that headache 
is due to reactive hyperemia, a 
hypothesis that we now consider obso- 
lete.” We can agree only with their 
conclusion that the cerebral hypoper- 
fusion and hyperperfusion do not 
match up with the timing, location, 
and intensity of the headache. 

The experiments of Wolff’s group,’ 
over several years, related the head- 
ache phase of the migraine attack 
chiefly to distention and increased 
amplitude of pulsation, not blood flow, 
of the branches of the external carotid 
artery, including the middle meninge- 
al artery,’ plus the local presence of a 
pain threshold-reducing substance 
called “neurokinin.” The internal 
carotid, vertebral, and basilar arte- 
ries, the circle of Willis, and the first 
centimeters of the main cerebral ves- 
sels arising from the circle of Willis, 
the pain-sensitive parts of the cere- 
bral circulation, were considered by 
Wolff’s group as possible, but proba- 
bly minor, participants in the head- 
ache phase of the migraine attack.**” 

This opinion was based on experi- 
ments which showed that the ampli- 
tude of pulsation of the intracranial 
vessels was not significantly in- 
creased during the headache phase of 
the migraine attack nor could the 
headache be relieved by dampening of 
the intracranial pulsations by in- 
creasing the cerebrospinal fluid pres- 
sure from 800 to 900 mm H,O. Con- 
trariwise, diminution of the ampli- 
tude of pulsation of the branches of 
the external carotid artery by medica- 
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tion, especially ergotamine, physical 
compression, or by denervation with a 
local anesthetic, could decrease or 
completely relieve the headache. More 
recent studies of flow and/or pulsa- 
tion of the external carotid artery and 
its branches confirm the hyperperfu- 
sion of that system during the 
migraine headache.*”” 

Thus, in the seven experiments with 
the technique reported by Renard 
Andersen et al,’ measurements of the 
key elements in the production of the 
headache may not have been made. 
Blood flow rather than amplitude of 
pulsation of vessels was measured, 
and the studies involved the cerebral 
circulation rather than that of the 
branches of the external carotid 
artery where the site of the headache 


most likely resides. 
EcILius L. H. SprerRINGs, MD, PHD 
JOHN R. GRAHAM, MD, MACP 
The Headache Research Foundation 
and John R. Graham Headache Centre 
The Faulkner Hospital 
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Boston, MA 02130 
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In Reply.—We appreciate the com- 
ments from Vijayan and from Spier- 
ings and Graham to our recent article 
in the ARCHIVES.' They rightly point to 
the possible importance of arterial 
mechanisms, in particular outside of 
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the brain, for pain production during 
migraine attacks. The earlier conclu- 
sions by Wolff’s group were based on 
methodology that today must be 
regarded as unreliable and due con- 
sideration was not given to control 
groups and statistical evaluation. 
While the potential for study of cere- 
bral blood flow has greatly increased 
over recent years, the same, unfortu- 
nately, is not true of our possibilities 
to study arterial diameter and pulsa- 
tions intracranially and extracranial- 
ly. Our study has ruled out certain 
pain mechanisms, but not the possi- 
bility that pain is due to abnormali- 
ties in and around arteries. This is a 
topic for future research and the 
problems may possibly be dealt with 
by newly developed ultrasound equip- 
ment. It might be worthwhile to final- 
ly add that Jensen and Olesen? demon- 
strated no change in blood flow in the 
temporal muscle during migraine 
attacks, and Jensen’ found the same 
in the subcutaneous tissue of the tem- 


poral region. 
ALLAN RENARD ANDERSEN, MD 
JES OLESEN, MD 
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Neurons in Onuf’s Nucleus 


To the Editor.—In their otherwise 
excellent review of amyotrophic later- 
al sclerosis, the authors! incorrectly 
refer to neurons in Onuf’s nucleus as 
being parasympathetic. These neu- 
rons are probably a special class of 
somatic motor neurons and innervate 
the striated muscles of the anal and 
urethral sphincters.? The sacral para- 
sympathetic neurons are situated 
more dorsally in the intermediolater- 


al cell column. 
THOMAS R. Swirt, MD 
Department of Neurology 
Medical College of Georgia 
Augusta, GA 30912 
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In Reply.—We appreciate Swift’s cor- 
rection regarding the Onuf nucleus 
not being parasympathetic. This 
nucleus appears to have features of 
both autonomic and somatic motor 
neurons. Although both sacral para- 
sympathetic neurons and Onuf’s 
nucleus are spared in amyotrophic 
lateral sclerosis, anatomic locations of 


these neurons are indeed different. 
HīırosHI! Mitsumoto, MD 
MAURICE R. HANSON, MD 
Davip A. CHAD, MD 
The Cleveland Clinic Foundation 
Cleveland, OH 44106 


Wasp Sting-Associated Occlusion 
of the Supraclinoid Internal Carotid 
Artery: Implications Regarding the 
Pathogenesis of Moyamoya 
Syndrome 


To the Editor.—The earliest patholog- 
ic changes in moyamoya syndrome are 
stenotic and/or occlusive changes in 
the terminal portion of the internal 
carotid artery.! The cause of moya- 
moya syndrome, particularly the 
influence of congenital and/or ac- 
quired factors, remains undefined. 
Suzuki? has been the chief proponent 
of a pathogenetic mechanism that 
involves the interaction of the auto- 
nomic nervous system (local factor) 
and the immune system (systemic fac- 
tor). We report wasp sting-associated 
occlusion of the terminal internal 
carotid artery, and suggest that this 
may have similar implications re- 
garding the pathogenesis of moya- 
moya syndrome. 

Report of a Case.—A previously healthy, 
developmentally normal 34-month-old 


Fig 1.—Enhanced cranial computed tomogra- 
phic scan demonstrating infarction of the left 
putamen and caudate. 
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white boy was stung repeatedly on the 
inner upper lip near the midline. The 
father removed a live yellow jacket from 
the child’s mouth. There were no stings in 
the posterior aspect of the pharynx. There 
was immediate swelling around the area of 
the sting, and he was treated with diphen- 
hydramine. Four days later, the child’s 
mother noted drooling from the right side 
of his mouth. About 6 to 7 days after the 
wasp sting the patient began to have inter- 
mittent abnormal “posturing” of the right 
arm. The parents also noted a change in 
the child’s speech. The patient, who had 
been using short sentences, began to use 
only occasional single words that were 
difficult to understand. The child also 
developed a facial rash following the wasp 
sting that would improve transiently with 
diphenhydramine treatment. Two weeks 
after the wasp sting, the child’s neurologic 
symptoms became fixed. The child was 
admitted for neurologic evaluation 5 weeks 
following the wasp sting. There was no 
family history of infantile stroke or 
immune-mediated disorders. 

On general physical examination, a 
vesicular rash was present around the 
mouth, and a bruit was heard over the 
right orbit. No carotid bruits or cardiac 
murmurs were present. On neurologic 
examination, the child was fully alert and 
readily followed commands, but speech 
was sparse and difficult to understand. No 
field cut was evident. He had a mild right- 
sided spastic hemiparesis with markedly 
diminished spontaneous movement of the 
right hand and an abnormal gait. The 
muscle stretch reflexes were not increased 
on the right side, although a right-sided 
Babinski’s sign was present. 

Routine blood test results were normal. 
His erythrocyte sedimentation rate was 11 
mm/h. Antinuclear antibody titer and 
streptozyme test results were negative. 
Results of an amino acid urine screen were 
normal. Test results for urinary cystine 
were negative. Results of coagulation 
studies showed a normal platelet count, 
borderline normal Ivy bleeding time, nor- 
mal platelet retention time, and normal 
platelet aggregation in response to adeno- 
sine diphosphate, ristocetin, collagen, and 


arachidonic acid. An electrocardiogram 
and echocardiogram were normal. Cere- 
brospinal fluid examination disclosed the 
following values: glucose, 3.3 mmol/L; pro- 
tein, 0.31 g/L; erythrocytes, 39 X 10°/L; 
leukocytes, 5 X 10°/L; and a nonreactive 
VDRL. An electroencephalogram demon- 
strated mild generalized nonspecific 
abnormalities. A cranial computed tomog- 
raphic scan demonstrated an infarction of 
the left putamen and caudate (Fig 1). 
Bilateral internal carotid and left verte- 
bral artery angiography performed 6 
weeks following the wasp sting demon- 
strated occlusion of the left supraclinoid 
internal carotid artery (Fig 2), with hyper- 
trophied left thalamic perforating vessels 
providing collateral reconstitution of the 
left middle cerebral artery. The portion of 
the left internal carotid artery near the 
posterior aspect of the pharynx was nor- 
mal. Collateral blood flow to the left hemi- 
sphere was also provided via the left poste- 
rior communicating artery and the anteri- 
or communicating artery. The aortic arch 
and great vessels were normal. 


Comment.—Based on an increased 
incidence of recurrent and/or chronic 
inflammation above the neck in 
patients with moyamoya syndrome,' 
and dense sympathetic innervation of 
the terminal internal carotid artery 
from the superior cervical ganglion,’ 
Suzuki developed an animal model of 
moyamoya syndrome.’ Dogs were 
injected with heterologous serum to 
produce systemic sensitization. Vas- 
cular alterations were found that 
were confined to the main arteries at 
the base of the brain and centered on 
the terminal portion of the internal 
carotid artery. Stimulation of the 
superior cervical ganglion, either uni- 
laterally or bilaterally, resulted in 
worsening of the arteritis of the ter- 
minal carotid artery on the stimu- 
lated side(s). Conversely, unilateral 
superior cervical ganglionectomy pre- 
vented the vascular alterations asso- 
ciated with the systemic immune 


Fig 2.—Selective left carotid angiography demonstrating occlusion (arrowhead) of the left 


supraclinoid internal carotid artery. 
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reaction on the sympathetic dener- 
vated side.’ Suzuki postulated that, in 
moyamoya syndrome, a heterologous 
agent or antigen producing inflamma- 
tion in the head or neck may produce 
retrograde stimulation of the superior 
cervical ganglion with resultant 
increased intimal permeability in the 
terminal carotid artery. This, com- 
bined with the production of systemic 
antibodies and immune complexes, 
might then result in an arteritis with 
thrombus formation in the terminal 
carotid artery, with stenosis and/or 
occlusion.’ 

The present case, associated with a 
wasp sting in the mouth, would 
appear to be an experiment of nature 
that is remarkably similar to Suzuki’s 
animal model. Venomous insect stings 
can produce a systemic serum sick- 
ness-like immune response.** Multi- 
ple wasp stings within the mouth 
might also produce retrograde stimu- 
lation in the superior cervical gangli- 
on. Thus, the wasp sting and the 
occlusion of the left supraclinoid 
internal carotid artery in this patient 
may be more than coincidental, and 
may serve to validate Suzuki’s 
hypothesis regarding one potential 
pathophysiologic mechanism for 


moyamoya syndrome. 
JUDITH T. RomMANO, MD 
Jack E. Riccs, MD 
JOHN B. BODENSTEINER, MD 
LUDWIG GUTMANN, MD 
Departments of Neurology and Pediatrics 
West Virginia University Medical Center 
Morgantown, WV 26506 


1. Suzuki J, Takaku A. Cerebrovascular ‘moya- 
moya’ disease: disease showing abnormal net- 
like vessels in base of brain. Arch Neurol. 
1969;20:288-299. 

2. Suzuki J. Moyamoya Disease. New York, 
NY: Springer-Verlag NY Ine; 1983:131-143. 

3. Sato S, Suzuki J. Anatomical mapping of the 
cerebral nervi vasorum in the human brain. 
J Neurosurg. 1975;43:559-568. 

4, Lichtenstein LM, Golden DBK. Postscript to 
bee stings: delayed ‘serum sickness.’ Hosp Pract. 
1983;18:36-46. 

5. Ewan PW. Allergy to insect stings: a review. 
J R Soc Med. 1985;78:234-239. 

6. Mejia G, Arbelaez M, Henao JE, Sus AA, 
Arango JL. Acute renal failure due to multiple 
stings by Africanized bees. Ann Intern Med. 
1986;104:210-211. 


Frequency of Idiopathic Normal 
Pressure Hydrocephalus 


To the Editor.—To our knowledge, 
epidemiologic studies concerning the 
incidence and prevalence of idiopathic 
normal pressure hydrocephalus 
(INPH) are not available and esti- 


608 Arch Neurol—Vol 46, June 1989 


mates of its frequency vary widely. 
The small amount of available data 
always refer to selected samples 
(most of all demented populations) 
and show frequencies ranging from 
1%'* to 5% and 6%** of all patients 
with dementia. However, it is proba- 
bly misleading to group INPH and 
dementias together, since the distur- 
bance of mentation in INPH is much 
more an “abulic trait” than a true 
dementia. Furthermore, estimates 
based on demented populations alone 
may underestimate the true frequen- 
cy of INPH, since mental impairment 
is not always part of the syndrome 
and, in many cases, the gait distur- 
bance may be the only obvious symp- 
tom.*’ In a postmortem study per- 
formed on 205 brains of an adult 
population, Messert et al* found 5.5% 
of brains with a marked ventricular 
enlargement, and they suggested that 
the actual “clinical recognition of the 
syndrome of occult hydrocephalus has 
still not reached its full potential.” 
Between June 1,-1984 and July 31, 
1985 we performed a survey on neuro- 
logic conditions in the elderly in the 
Republic of San Marino, which is the 
smallest independent state in the 
world, located within Italy. Details of 
the method have been described else- 
where.’ All people aged 67, 72, 77, 82, 
and 87 years were invited to come 
forward for free medical examination. 
Three hundred ninety-eight subjects 
agreed of a total sample of 488. A full 
standardized examination was only 
possible in 396 subjects. Neuropsycho- 
logic tests and computed tomographic 
scan were performed in any case 
showing unexplained mental impair- 
ment and/or gait disturbance. The 
diagnosis of INPH was performed 
according to the following criteria: (1) 
absence of previous possible causes of 
normal pressure hydrocephalus (men- 
ingitis, subarachnoid hemorrhage, 
and head trauma); (2) clinical findings 
characterized by gait apraxia as first 
symptom accompanied or not by men- 
tal impairment or sphinteric distur- 
bances; (3) a computed tomographic 
scan showing dilatation of the unob- 
structed ventricular system, periven- 
tricular hypodensities, obliteration of 
the cerebral sulci at the convexity, 
and “rounding” of the frontal horns of 
the lateral ventricles.'° The above clin- 
ical computed tomographic scan crite- 
ria have been shown to be correlated 
with a good outcome following a shunt 
procedure.**!*"! We found two subjects 


with INPH. The first patient was a 
76-year-old hypertensive man with 
gait apraxia, urinary urgency, and 
occasional incontinence, and no men- 
tal impairment revealed on the clini- 
cal Dementia Rate Scale of Hughes et 
al.? The second patient was a Tl- 
year-old hypertensive man with gait 
apraxia but no urinary disturbances 
or mental impairment. The frequency 
of INPH in our general population 
was, therefore, 0.5% (2/396). Al- 
though this is not strictly a preva- 
lence estimate of INPH, since we did 
not screen the whole population, this 
article represents, to our knowledge, 
the first estimate of the frequency of 
INPH among a general unselected 
population more than 65 years. How- 
ever, since we considered only 
patients with clinically evident symp- 
toms it may be that some subjects 
with an asymptomatic ventricular 
enlargement (according to Messert et 


al’) have escaped our survey. 
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Special Article 


The Trials of Clinical Trials 


Guy M. McKhann, MD 


è Controlled clinical trials are becoming 
increasingly frequent in neurology. A re- 
view of the literature indicates that several 
trials have serious flaws in study design 
and conduct that render the results ques- 
tionable or uninterpretable. These re- 
ports, together with my own experience 
with the trial of plasmapheresis in the 
treatment of acute Guillain-Barré syn- 
drome, have led me to conclude that while 
the formulation of the crucial research 
question and the definition of outcomes as 
a measure of efficacy are extremely im- 
portant, the availability of a compliant pa- 
tient population of appropriate size and 
the compliance by the study physicians 
are essential. Moreover, close coopera- 
tion with the statistician in planning the 
trial and the statistical strategy for analy- 
sis is also critical. Suggestions are made 
to aid the clinician in setting up the most 
efficacious trial and reporting the results. 

(Arch Neurol. 1989;46:6 11-614) 


i 1980, my colleagues and I first be- 

came involved in a multicenter trial 
to examine the effect of plasmaphere- 
sis in acute Guillain-Barré syndrome 
(GBS). The trials and tribulations we 
encountered during the development 
and conduct of this eneavor were later 
mitigated by the gratifying outcome of 
the beneficial effect of plasmapheresis 
on acute GBS.!? I submit this article in 
an attempt to alert other clinicians to 
some of the problems that apply to all 
clinical trials and those that are par- 
ticularly pertinent, and perhaps spe- 
cific, to neurological disease. I should 
like to emphasize at the beginning that 
it is not my intent to provide a com- 
prehensive guide on how to design a 
clinical trial; this is well covered in a 
number of excellent texts.** Moreover, 
I am writing this overview from the 
perspective of a clinical investigator, 
not a statistician. Those well versed in 
the design of clinical trials may find 
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some of my views naive or well known. 
I can assure those skeptics that my 
own experience and discussions with 
many clinical colleagues indicate that 
there exists an intellectual gap be- 
tween many statisticians and clinical 
investigators and clinicians. One of the 
purposes of this article is to attempt to 
close that gap. 


CLINICAL TRIALS: BASIC 
CONSIDERATIONS 


Why are clinical trials important or even 
necessary? The literature abounds with 
once-popular remedies that are now aban- 
doned. The more fortunate recipients were 
not harmed by such remedies; the less for- 
tunate suffered worsening of disease or 
even death, and certainly dashed hopes of 
cure. Although, as pointed out by Atkins,° 
certain therapeutic measures, such as the 
discovery of lime juice for treating scurvy, 
of quinine for malaria, and penicillin for 
bacterial infections, led to results so strik- 
ing that no trial was necessary; such dis- 
coveries are few and far between. The 
majority of new therapeutic measures, 
medical and surgical, produce far less spec- 
tacular and clear-cut results, and assurance 
must be obtained that the new drug or pro- 
cedure is indeed efficacious and the results 
could not be obtained by sampling variation 
or chance, by inherent differences between 
treatment and control groups, or by differ- 
ences in handling and evaluating treat- 
ment and control groups during the 
investigation.’ The development of a suc- 
cessful clinical trial that avoids these pos- 
sibilities is complex and requires very care- 
ful organization. 

Added to the difficulty of developing and 
organizing the clinical trial is the potential 
conflict between the goal of the individual 
physician who wishes to do the best for his 
or her patients and the clinical investigator 
who attempts to evaluate therapy in a con- 
trolled manner. This subject has been re- 
cently discussed from the ethical point of 
view.’ Unquestionably, the desire to help 
our patients, to be “healers,” is strong, oth- 
erwise we would have chosen a different 
profession. Nevertheless, to subject our pa- 
tients to unproved treatments based on 
personal whims or prejudices is wholly un- 
ethical, as is designing and directing a 
study that is uninterpretable. Despite the 
pressure to test the effect on patients of 
promising new treatments, it has been sug- 
gested, and I agree, that it is unethical not 
to conduct a controlled trial. In situations 


where it is not possible to include a control 
population, such as in comparing medical 
and surgical therapies, control may be at- 
tained via randomization and inclusion of 
all patients and outcomes in the final anal- 
ysis (see below). 

In clinical trials, as in any experiments, 
formulating the research question is the 
crucial first step. Following that, the defi- 
nition of outcomes as a measure of efficacy 
can be specified. These approaches are the 
province of the clinician. Even at this early 
stage the statistician can add his or her in- 
put in providing the appropriate statistical 
strategies for study design and analysis. 

What approaches may be used in trials of 
treatment? In the situation where only 
supportive therapy is available, evaluation 
of a new treatment is straightforward. We 
were able to use this approach in the GBS 
study, although we had to battle advocates 
of other treatments, such as use of steroids. 
For many neurological diseases, however, a 
variety of partially successful (or purport- 
edly partially successful) treatments are 
available. Indeed, the determination of the 
efficacy of many of these existing treat- 
ments is in itself problematic. For example, 
if a treatment is successful for a subgroup 
of patients with a particular disorder, or 
successful for a limited time, it is extremely 
difficult to evaluate its effects against a new 
modality. Moreover, the investigator may 
believe that it is unethical to withdraw a 
drug, for example, if it is partially effective, 
thus making comparison against a true 
control group impossible. In all of these 
situations, very careful attention to study 
design can provide optimal results and a 
meaningful trial. Some of the most perti- 
nent problems are considered below. 


Is the Question Important? 


The prime consideration is whether the 
questions being asked are important 
enough to be evaluated. The numbers of pa- 
tients available and willing to participate 
are often limited. Moreover, there are a 
limited number of investigators with the 
expertise and time to perform clinical tri- 
als. As already stated, to set up an effective 
clinical trial requires considerable effort 
and resources and should not be undertaken 
lightly. Not every therapy that is proposed 
can be subjected to clinical trial. Some 
therapies have no rationale and no evidence 
of efficacy except one individual’s enthusi- 
asm. Most therapies will die a natural 
death, and indeed should do so. For others, 
it is reasonable to ask that there be evidence 
of clinical efficacy in an open trial. Then a 
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properly designed clinical trial can estab- 
lish efficacy, safety, and the possible identi- 
fication of a subgroup of patients for whom 
the therapy might be indicated. If the 
approach has a reasonable rationale, how- 
ever, the next question concerns the feasi- 
bility of the study. 


Is the Study Feasible? 


We must consider whether the study is 
feasible in terms of patient availability and 
acceptance, physician cooperation, and 
multiple institutions’ ability to participate. 
Last, we must decide whether the study is 
likely to be funded. 

Patient Populations: Practical Consider- 
ations.—In any clinical trial, it is important 
to ascertain that sufficient patients are 
available. Even in the more common disor- 
ders, to obtain the number of patients who 
meet admission criteria and are willing to 
participate requires review of inordinate 
numbers of potential subjects. For exam- 
ple, in a recent study of multiple sclerosis, 
932 subjects were screened, 140 were exam- 
ined, and only 50 were included.’ Patients 
were excluded for various reasons including 
age, intercurrent illness, uncertainty of di- 
agnosis, prior therapy, or unavailability for 
follow-up. Such exclusions are common and 
must be decided ahead of time rather than 
being applied apparently arbitrarily during 
the study. Moreover, diagnostic criteria 
must also be specified in advance. The study 
population should, if possible, be large 
enough so that multivariate analysis of pa- 
tient characteristics can be included in the 
analysis. For example, in acute GBS, prog- 
nosis was determined to be related to de- 
gree of nerve damage, age, severity of ill- 
ness, and duration of illness.’ Studies with 
smaller numbers of patients could easily 
skew a treatment or control group by inad- 
vertently including more patients with 
poorer prognosis in one arm of the study. 

We must also take into account that use 
of one therapy may preclude evaluating a 
patient in any future clinical trial. It is not 
clear to me whether a patient with multiple 
sclerosis who has received one immunosup- 
pressive drug could (or should) be included 
in future studies evaluating another immu- 
nosuppressive agent. Last, even if sufficient 
patients enter the trial, the number that 
complete the protocol may be much smaller. 
Some patients may be unable to complete 
the protocol and others may drop out for 
personal reasons, including the impression 
that they have already benefited. In a re- 
ported trial evaluating cyclosporine in my- 
asthenia gravis, of 10 patients in the treat- 
ment arm, only 4 completed the protocol (as 
compared with 5 of 10 patients in the con- 
trol arm). It is of note that in the treatment 
arm, 2 patients withdrew because they 
thought they were “well.” 

Patient Cooperation and Compliance.— 
Even if patients are eligible for a particular 
trial, they may not be willing to participate. 
Obviously, patients come to physicians, and 
particularly to well-known medical centers, 
to receive the best therapy possible. Hence, 
they are often anxious to try any new 
treatment and may not understand why 
clinical trials are necessary and why they 


612 Arch Neurol—Vol 46, June 1989 


do not automatically receive a new and po- 
tentially effective drug. Careful explana- 
tions may not convince them to enter the 
trial. Moreover, once in a trial, complying 
with scheduled reexaminations and even 
with treatment is a perennial problem. 

In patients with neurological diseases, 
compliance is made even more difficult be- 
cause (1) there is a requirement to return 
for multiple outpatient visits and the trial 
often lasts for many months; and (2) pa- 
tients may become impatient if they do not 
receive any benefit, or overoptimistic if they 
detect slight, often subjective improvement 
and wish to leave the protocol. 

Physician Compliance.—Perhaps even 
more important than patient compliance is 
physician compliance. It is essential that 
participating physicians not only agree, but 
also adhere to the proposed study design 
and that they understand fully the impli- 
cations of participating in a clinical trial. 
Indeed, they must be aware that, because 
they cannot arbitrarily change the protocol, 
their therapeutic options may be restricted. 

In an excellent chapter on clinical trials, 
Colton? points out that randomization is 
“not the haphazard whim of the investiga- 
tor in allocating patients.” The problem of 
patient selection, in which the investigators 
include or exclude groups of patients either 
arbitrarily, ie, those with unknown clinical 
characteristics, or in an attempt to select 
“better” study participants, introduces bi- 
ases that make subsequent interpretation 
extremely difficult. The Extracranial In- 
tracranial Arterial Bypass Study is a case 
in point.'° Without belaboring the details, it 
appears that a larger number of patients 
were operated on outside the study than in- 
side the study.''? Clearly, patients were 
being selected for the study in some un- 
known or unreported ways. Even though no 
subgroup of patients could be identified,” 
this possible source of bias raises serious 
questions about study design, physician 
compliance, and subsequent interpretation 
of results.'!” 

Physicians may subvert a trial inadvert- 
ently by expressing their preference for a 
particular treatment to a patient; as a 
result, the patient who is not assigned to 
that treatment may wish to leave the study. 
Or, if the desired assignment is made, the 
patient may wish to please the physician 
and provide subjectively biased informa- 
tion. Those problems can be avoided by a 
double-blind format in which neither the 
patient nor the physician knows the treat- 
ment being used. Ideally, the proponents of 
a study should be able to control the use of 
the facilities in an institution so that pa- 
tients do not receive the therapy outside the 
protocol. Unfortunately, that is not always 
possible. In that situation, knowledge of the 
characteristics of those being excluded and 
their outcomes over time is essential, so 
that they can be compared with those in- 
cluded. Finally, many practicing physicians 
fear losing their patients to a medical cen- 
ter. Thus, communication with referring 
physicians is essential, including the return 
of patients for continuing care where pos- 
sible. 

Problems With Institutions.—Given the 
predictable problem of obtaining adequate 


numbers of patients from a single institu- 
tion, multi-institution studies are often re- 
quired. In such studies, based on personal 
experience the following situations appear 
inevitable. (1) Almost all institutions will 
deliver fewer patients than they promised 
and some will not provide any. When con- 
sidering joining a multi-institution study, 
many investigators confuse the total num- 
ber of patients with a given condition with 
the number who will ultimately be eligible 
for the study. (2) Compliance by partici- 
pants requires constant monitoring and 
vigilance. (3) Personnel will change, requir- 
ing repeated presentations of the study de- 
sign. (4) There will be unanticipated differ- 
ences in patient populations among insti- 
tutions. For example, in our GBS study, the 
patient population in Toronto, Canada was 
quite different from that in Boston, Mass in 
terms of duration and severity of illness, 
two factors that turned out to be important 
in prognosis.'? 


Study Personnel 


Clinical trials are truly team efforts. 
There needs to be a “home team” that is re- 
sponsible for running the study, including 
the personnel involved with coordination 
and data handling. The home team should 
determine the final protocol after appropri- 
ate discussion with coinvestigators, main- 
tain constant contact with the study statis- 
ticians who are monitoring the study, and 
take responsibility for quality control and 
compliance. The training of study partici- 
pants to obtain and record data in a stan- 
dardized way is extremely important. Next 
to the principal investigators and statisti- 
cians, the most important persons are the 
study coordinators. These people must con- 
tinue to monitor the study in terms of 
checking receipt and completeness of study 
forms, visit participating institutions, and 
retraining constantly changing partici- 
pants. No study can be successful without 
dedicated, knowledgeable study coordina- 
tors. 


Funding of Clinical Trials 


Clinical trials can be expensive. The re- 
cent Extracranial-Intracranial Bypass 
Study had a budget of $9 million over 9 
years. The cost of recently funded clinical 
trials ranged from $175 000 to $2 million per 
year. However, the potential savings are 
enormously greater. We estimate that the 
demonstration of the efficacy of plasma- 
pheresis in GBS will save the US health 
care economy $50 million. Kurlan et al’ in 
the Parkinson Study group predict that a 
drug that would decrease the progression of 
Parkinson’s disease by 10% would save ap- 
proximately $327 million annually. 

There are, however, certain areas where 
skimping on the budget will come back to 
haunt you. These include statistical help, 
outside statistical consultation, support for 
study coordinators, and payment of patient 
expenses. When a therapy is experimental, 
there is no guarantee that third-party pay- 
ers will pay for medical testing and costs. 
This must be budgeted, even if the money is 
held in escrow. It is to be hoped that third- 
party payers will continue to see the wis- 
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dom of supporting the medical costs in- 
volved in evaluating possible beneficial 
therapies. 

An often overlooked benefit of a clinical 
trial is the understanding of the natural 
history of the disease that can be obtained 
from the control group. This evaluation of- 
ten takes place after the study has been 
completed. Investigators usually do not ask 
for or receive funding for this important 
part of the analysis. 


Special Problems for Clinical Trials in 
Neurology 


Clinical trials in neurology differ from 
those in other disciplines in several re- 
spects. First, there is a lack of specific 
markers for many neurological disorders, 
and diagnosis often relies on clinical crite- 
ria. Only for a few do we have unequivocal 
markers for disease. Adrenoleukodystro- 
phy, human immunodeficiency virus infec- 
tion, Huntington’s disease, lysosomal dis- 
eases, and the Duchenne form of muscular 
dystrophy are exceptions, but markers for 
these have only been identified in the last 
few years. 

Second, we are often dealing with chronic 
illnesses with highly variable outcomes. 
Either we do not know the natural history 
of the disease or, even if we do, the course 
is characterized by unpredictable exacer- 
bations and remissions. Multiple sclerosis 
is a prime example, with a spontaneous de- 
crease in frequency of relapses and an un- 
predictable evolution to a chronic progres- 
sive form. Moreover, even in situations 
where we, as individual physicians, thought 
we knew the course, careful longitudinal 
evaluation of larger populations has re- 
vealed surprising clinical variability. Such 
is the case with Alzheimer’s disease, Par- 
kinson’s syndrome, and even motor neuron 
disease. 

Third, our lack of understanding of the 
pathophysiology necessitates therapeutic 
strategies based on assumptions. In other 
words, the outcome measure may be related 
to the effect of the therapy but not neces- 
sarily the status of the disease being 
treated. For example, most of the proposed 
therapies for multiple sclerosis are based 
on the assumption that altering the host’s 
immune status will be beneficial. The out- 
come measures of efficacy, however, are not 
measures of immunosuppression but of 
clinical response. This makes the prospec- 
tive definition of clinical end points in a 
therapeutic trial extremely important. 

Measuring the progression of neurologi- 
cal diseases, either in terms of recovery or 
deterioration, in a reproducible way is not 
easy. In planning the GBS study, we decided 
that the achievement of important, easily 
determined milestones would be a valuable 
way to compare recoveries. Thus, we chose 
as end points time on a respirator or time to 
reach independent walking. Many studies 
involve numerical grading scales, as did 
ours. Nevertheless, the time required for a 
patient to change a grade may be mislead- 
ing, because most grading scales are not 
linear. That is, a change from being depen- 
dent on a respirator (grade 5) to being bed- 
ridden (grade 4) has no clear-cut linear re- 
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lationship to moving from grade 4 to walk- 
ing with support (grade 3). 

Last, there is the problem of obtaining or 
preserving a control population. For some 
reason, perhaps because there are many 
disorders for which definitive treatment is 
not available, neurologists seem to be com- 
pelled to do “something” for patients, 
whether there is a rationale or not. Thus, 
the list of possible therapies is long and of- 
ten illogical. Unfortunately, this same com- 
pulsion spills over into clinical studies, so 
that one unproved therapy is often com- 
pared against another, making interpreta- 
tion difficult at best. 


Study Design: Role of Statistics 


The role of the statistician in the design 
of a clinical trial is all-important. For 
although many of the current trials have 
not been satisfactory because of problems 
in physician behavior, rather than statisti- 
cal strategies, an appropriate trial cannot 
be designed independent of the statistics 
that will be used. Once the study questions 
have been identified, a statistician must be 
consulted and, indeed, worked with closely, 
to help develop the appropriate design in 
terms of what measures will be needed to 
permit meaningful assessment of outcome. 
Among the requirements for optimal de- 
sign are the appropriate numbers of sub- 
jects, outcome measures, feasibility, and 
exclusion criteria, each of which must be 
considered with the statistician so that the 
correet information to answer the study 
questions is obtained. In measuring change 
in clinical status, an outcome matrix with 
accompanying scales is required. Moreover, 
statistical methods for handling the data 
should be presented prospectively. There 
should be no mechanism whereby the data 
can be manipulated during the study by a 
change in statistical method. 

The statistical design of the GBS study 
permitted us to answer a series of subsid- 
lary questions that later proved most 
interesting.? The study was particularly 
useful in providing clear-cut information, 
hitherto unavailable, on the natural history 
of the disease. Indeed, we believe that the 
GBS study was successful, at least in part, 
because of the strategy summarized in the 
following statement from the published re- 
port: “The methods to attain and assess 
these outcomes were specified in advance of 
patient entry and were adhered to strictly 
in the subsequent analysis.” 

There are two statistical concepts that I 
believe physicians should know and accept 
if they are going to participate in and/or 
interpret clinical trials. The first can be ex- 
pressed by the term equally likely. This 
term has two ramifications: (1) It is equally 
likely that a patient will enter either arm of 
the study. We have already discussed the 
problems occurring when physicians bias 
the randomization of patients. (2) Is it 
equally likely that the patients in the study 
represent patients in the general popula- 
tion. A study of acquired immunodeficiency 
syndrome in Africa may not be applicable 
in the United States. Sometimes a study 
excludes certain patients. In those cases, 
the results apply only to those with the 


characteristics included. In our case we ex- 
cluded children under 12 years, and those 
with milder disease. We cannot comment on 
whether plasmapheresis is effective in ei- 
ther of these groups. 

The other concept is embodied in the ex- 
pression intent to treat. This term expresses 
the idea that a clinical trial is designed to 
test not only efficacy but also the ability of 
the participants to deliver the therapy as 
proposed. Thus, once entered in a study, a 
patient is included in the analysis regard- 
less of whether he or she refuses therapy, 
drops out because of transportation prob- 
lems, or dies of causes unrelated to the 
study. There are actuarial techniques for 
evaluating outcomes of individuals who 
participated for different lengths of time. 
An intent-to-treat strategy precludes in- 
vestigators from arbitrarily excluding par- 
ticipants from the analysis because they did 
not participate for the time proposed in the 
protocol. 


Industrial Studies 


The links between academia and industry 
are becoming increasingly closer. It is im- 
portant to recognize that the motivations of 
these two groups are not necessarily the 
same. Obviously, a pharmaceutical com- 
pany would like you to demonstrate that 
their product is effective and safe. 

Hence, to avoid the perception that you 
are merely a biased, hired hand, I suggest 
the following: (1) participate in the study 
design from the outset; (2) if industry is 
supporting the study, negotiate the level of 
funding at the outset, regardless of out- 
come; (3) insist that the results will be pub- 
lished, regardless of outcome; (4) obtain in- 
dependent review of the data, as I suggest 
you do for all clinical trials. 


POSSIBLE STUDY DESIGNS 


The “gold standard” is considered to 
be the randomized double-blind, pla- 
cebo-controlled study, in which nei- 
ther the patient nor the study physi- 
cian can determine which therapy is 
being used. Whenever possible, this is 
the strategy to be used. A double-blind 
study may be difficult to design and 
carry out, but it is well worth the effort 
in terms of subsequent acceptance by 
your colleagues. There are, however, 
legitimate circumstances where a dou- 
ble-blind approach is not feasible. Sur- 
gical procedures and some interven- 
tions are invasive. For example, in the 
GBS study, we could not “blind” med- 
ical personnel or patients as to who 
was receiving plasmapheresis. Sham 
surgery, sham plasmapheresis, and 
similar invasive procedures in ill pa- 
tients are usually unethical. Many 
medications have recognizable side ef- 
fects. We propose emphasizing the side 
effects in the consent form, recording 
the incidence, and monitoring whether 
the study participants can “guess” 
which therapies a patient is receiving. 
It is more useful to know if bias is 
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creeping in during a study than after 
completion. 

A second alternative is a study in 
which patients are randomized 
equally, data are collected in a ran- 
domized way, and the cumulative re- 
sults are not known to the investiga- 
tors. Such a “single-blind” strategy 
was what we followed in the GBS 
study. It is important that study phy- 
sicians not be able to influence this 
randomization process. The easiest 
way to accomplish this is to randomize 
centrally with a method unknown to 
participating investigators. 

In certain situations, particularly in 
multi-institution trials, it is not possi- 
ble to control physicians preference 
for a particular treatment, and ran- 
domization cannot be achieved. Under 
these circumstances, where physician 
practice cannot be modified, much can 
be learned by comparing the results of 
different strategies, provided that the 
patient populations are characterized 
prospectively. Then, by selecting cen- 
ters with strong biases toward spe- 
cific, but different, approaches, 
matched samples can be compared. It 
is particularly important that the ba- 
sic demographic characteristics of the 
two groups be known. 

In certain, albeit unusual, circum- 
stances, a control population may not 
be needed, and retrospective controls 
can be used. Such is possibly the case 
in evaluating therapy for glioblastoma 
multiforme, where previous studies 
have outlined a relatively predictable 
course for those receiving no therapy, 
radiotherapy, or radiotherapy plus 
chemotherapy. Thus, a new therapy 
requiring additional surgery, such as 
the introduction of slow-release poly- 
mers, can rely on historical controls. 
Nevertheless, you may find that appar- 
ently similar procedures are, in fact, 
different. For example, we discovered, 
quite unexpectedly in the GBS study, 
that plasmapheresis with continuous- 
flow machines is of greater benefit 
than plasmapheresis with intermit- 
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tent-flow machines.’ We are still not 
sure why. This emphasized the need 
for randomized populations. 


STUDY MONITORING 


Studies require monitoring for both 
safety and efficacy. Safety monitoring 
requires a predetermined reporting 
mechanism and establishment of cri- 
teria for consideration of stopping the 
study. 

Monitoring of efficacy requires some 
kind of interim “peeks” or sequential 
analyses to determine if the results in 
one arm are so different, either posi- 
tively or negatively, that continuation 
could not possibly change the result. 
My advice to investigators is to ask in- 
dependent statisticians and colleagues 
to aid in making this judgment. Sev- 
eral recent studies, involving small 
numbers of patients, appear to have 
been discontinued prematurely on the 
presumed basis of efficacy, which has 
been difficult to substantiate on inde- 
pendent review. Here it is extremely 
important to spell out the criteria for 
stopping a study before it is initiated. 
Moreover, at the time of evaluating ef- 
ficacy of therapy, a review of the effi- 
cacy of blinding can also be performed. 


PRESENTATION OF RESULTS 


My first advice is to obtain outside 
review of your results. The purpose of 
the clinical trial is to determine 
whether a particular treatment is ef- 
fective for a specific problem. Thus, as 
a clinician, I need to know if, and how, 
the questions originally proposed have 
been answered. I also need to know if 
your results apply to my patients. That 
is why the “intent-to-treat” strategy is 
important, that is, that a patient as- 
signed to a study arm stays there and 
is counted in the end results. If a 
patient cannot take a therapy or re- 
fuses to participate, the same thing 
might happen to my patients. Unpre- 
dictable events such as a lack of follow- 
up or intercurrent illness should be 
accounted for by the randomization 
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procedure. I should also like to empha- 
size that results should be published in 
such a way that both clinicians and 
statisticians can evaluate the results. 
This may involve writing parallel sec- 
tions, one in more general terms for 
the clinician, the other more specifi- 
cally for statisticians. 


CONCLUSIONS 


I should like to end by listing several 
recommendations. (1) First, formulate 
your research question and establish 
the criteria that you would accept as 
indicating a clinically significant re- 
sult. (2) Determine the statistical 
strategy for study design and analysis, 
particularly the required numbers of 
patients. A double-blind, randomized 
format should be used if at all possible. 
(3) Evaluate the feasibility of carrying 
out the study (a) in your institution or 
(b) as a multi-institutional study. (4) 
Assemble colleagues who understand 
the ramifications of a clinical trial. (5) 
Expect the unexpected in terms of 
participation, unsuspected differences 
between institutions, and previously 
unknown variations in patterns of dis- 
ease. (6) Subject your results to outside 
review before publication. (7) Present 
your methods and results in a form 
that fellow clinicians will be able to 
interpret and understand. 

Clinical trials are here to stay. You 
might be asked to participate. They 
can be extremely rewarding, but there 
are pitfalls. For every successful trial, 
an equal number have failed because of 
poor study design or failure of patient 
and physician compliance. I believe 
that careful attention to detail and to 
the particular points described above 
will aid in the design of more success- 
ful trials that are satisfying to the 
participants and beneficial to patients 
as well. 
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Human Fetal Dopamine Neurons Grafted Into the Striatum 
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in Two Patients With Severe Parkinson’s Disease 
A Detailed Account of Methodology and a 6-Month Follow-up 
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è By using stereotaxic surgical tech- 
niques, ventral mesencephalic tissues 
from aborted human fetuses of 8 to 10 
weeks’ gestational age were implanted 
unilaterally into the striata in two patients 
with advanced Parkinson’s disease. The 
patients were treated with a cyclosporine, 
azathioprine, and steroid regimen to min- 
imize the risk for graft rejection. They 
were examined for 6 months preopera- 
tively and 6 months postoperatively and 
continued to receive the same doses of 
antiparkinsonian medication. There were 
no significant postoperative complica- 
tions. No major therapeutic effect from the 
operation was observed. However, in the 
Clinical tests, both patients showed small 
but significant increases of movement 
speed for repeated pronation-supination, 
fist clenching, and foot lifting. The rate of 
walking also increased in the one patient 
tested. For both patients, there was an ini- 
tial worsening postoperatively, followed 
by improvement vs preoperative perfor- 
mance at 1 to 3 months. Both patients also 
showed significant improvement in the 
magnitude of response to a single dose of 
levodopa (L-dopa), but there was no in- 
crease in the duration of drug action. The 
motor readiness potential increased in 
both patients postoperatively, primarily 
over the operated hemisphere. Neuro- 
physiological measurements also showed 
a more rapid performance of simple and 
complex arm and hand movements on the 
side contralateral to transplantation in one 
patient at 5 months postoperatively. 
Positron emission tomography demon- 
strated no increased uptake of 6-.L-(18F)- 
fluorodopa in the transplanted striatum at 
5 and 6 months. Taken together, these re- 
sults suggest that the fetal nigral implants 
may have provided a modest improvement 
in motor function, consistent with the 
presence of small surviving grafts. Al- 
though our results support further scien- 
tific experimentation with transplantation 
in Parkinson’s disease, widespread clini- 
cal trials with this procedure are probably 
not warranted at this time. 

(Arch Neurol. 1989;46:6 15-631) 
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he possible clinical application of 

neural grafting in patients with 
Parkinson’s disease (PD) was first sug- 
gested a decade ago when it was re- 
ported that striatal implants of 
dopamine (DA)-rich ventral mesen- 
cephalic tissue from rat fetuses could 
reduce the symptoms of a 6-hydroxy- 
dopamine-induced parkinsonian syn- 
drome in rats.'” Since then, it has been 
convincingly demonstrated that func- 
tional recovery in this model is depen- 
dent on graft survival and DA fiber in- 
growth into the denervated striat- 
um.** The growth of the grafted DA 
neurons is highly specific, and the pat- 
tern of outgrowing fibers resembles 
that found in the normal brain.‘ The 
graft-derived DA fibers form abun- 
dant synaptic contacts with host stri- 
atal neurons”? and the grafts also re- 
ceive synaptic inputs from the host 
brain.” The grafts are metabolical- 
ly™™ and physiologically” active; they 
exhibit transmitter synthesis, normal 
firing patterns, and spontaneous DA 
release. In the previously denervated 
host striatum, the graft-derived inner- 
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vation causes postsynaptic dopamin- 
ergic receptor-binding sites to return 
to normal density and normalizes 
firing rates and drug sensitivity of host 
striatal neurons.” Successful grafting 
to the striatum of DA-rich ventral 
mesencephalic tissue from fetuses has 
also been reported in nonhuman pri- 
mates with 1-methyl-4-phenyl-1,2,3,6- 
tetrahydropyridine (MPTP)-induced 
parkinsonism. Survival of implanted 
DA neurons in the caudate nucleus or 
the putamen has been demonstrated 
microscopically in rhesus monkeys,” 
African green monkeys,” and com- 
mon marmosets.” Biochemical data% 
have indicated that grafted dopamin- 
ergic neurons are able to normalize DA 
turnover in previously severely DA- 
depleted areas in nonhuman primates. 
Some of the studies have reported a 
long-lasting reduction of the MPTP- 
induced motor abnormalities, includ- 
ing hypokinesia, rigidity, and trem- 
or.?!-23,25 

Our decision to start clinical trials 
with grafting of human fetal DA neu- 
rons to patients with severe PD was 
based on the following considerations: 
First, there is the need for new thera- 
peutic approaches in many patients 
with advanced PD.” Due to a gradual 
loss of efficacy of levodopa (L-dopa), 
such patients become severely inca- 
pacitated despite optimal drug treat- 
ment. Second, there is the demonstra- 
tion that not only in rodents but also in 
nonhuman primates grafted DA neu- 
rons ameliorate the symptoms of ex- 
perimental parkinsonism. Third, the 
formulation of provisional ethical 
guidelines for the use of human fetal 
material for transplantation purposes 
were adopted by the Swedish Society 
of Medicine in 1986. Fourth, human fe- 
tal DA neurons are able to survive 
transplantation into the DA-dener- 
vated striatum of immunosuppressed 
or athymic rats, reinnervate the host 
brain, and counteract parkinsonian 
symptoms.”* 
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Experiments with human ventral 
mesencephalic grafts to rats indicated 
that the optimal fetal donor age was 8 
to 10 gestational weeks. Optimally, 
20000 to 25000 DA cells from both 
sides of the mesencephalon of each 
; human fetus were found to survive 
grafting to the striatum of cyclospo- 
rine (cyclosporin A)-treated rats.” 
Since it has been estimated* that the 
human putamen is normally inner- 
vated by about 60000 DA neurons, 
grafting of ventral mesencephalic tis- 
sue from one fetus into this structure 
might be able to restore 30% to 40% of 
| the normal number of cells. The symp- 
| toms of PD do not appear until more 
$ than 70% of the DA neurons have 
f degenerated“; until this stage is 
oa reached, DA transmission is believed 
to be maintained through hyperactiv- 
ie ity of remaining DA neurons and 
postsynaptic receptor  supersen- 
sitivity.” It therefore seemed to be 
r realistic to postulate that tissue from 
one or more human fetuses, implanted 
unilaterally into the putamen, caudate 
nucleus, or both, would be sufficient to 
effect some symptomatic improvement 
for a patient with PD. 
The present study was undertaken 
with the following main objectives: (1) 
| to elucidate to what extent intrastri- 
| atal grafting of DA neurons can elicit 
clinical improvement of the symptoms 
of PD; (2) to use neurophysiological 
techniques to confirm any measurable 
clinical effect and to detect any sub- 
clinical changes induced by the graft- 
ing procedure; and (3) to demonstrate 
Es survival and growth of grafted dopa- 
minergic neurons with positron emis- 
i sion tomography (PET). Particular 
- attention was given to reveal any pos- 
sible adverse effects caused by 
A implantation of human fetal tissue 
f obtained from routinely performed 
abortions into the brains of immuno- 
suppressed parkinsonian patients. 


PATIENTS AND METHODS 
Selection of Patients 


The two patients fulfilled the following 
criteria: (1) they were younger than 65 
years of age; (2) they had PD with rigidity 
and hypokinesia as major symptoms; (3) 
they were not demented; (4) they exhibited 
a definite response to levodopa and bro- 
mocriptine mesylate, but were inade- 
j quately relieved of symptoms and had se- 
vere on-off phenomena; and (5) they gave 
their informed consent. 
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F Study Design 


Both patients have been followed up in 

2 the Neurological Clinic, University Hospi- 
tal of Lund (Sweden), since 1973, when their 
symptoms of PD first appeared. During the 
6-month period preceding the transplanta- 
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tion, they were admitted to the hospital for 
1-week stays at about monthly intervals. 
After the operation, the patients stayed in 
the hospital for 4 and 2 weeks, respectively. 
They were then readmitted for 1 day every 
week and for 1 week every month during the 
subsequent 6 to 7 months. Clinical assess- 
ment of the symptoms of PD was carried 
out by the same examiner (0.L.) two to six 
times each test day, randomly during off 
periods, with the patient receiving full 
antiparkinsonian medication. Some obser- 
vations were also performed during on 
phases. Diurnal variations (on-off phenom- 
ena) were assessed by the patients them- 
selves, who kept daily logs, scoring their 
motor symptoms at least every 30 minutes. 
The test battery (see below) also included a 
single-dose levodopa test, computed tomo- 
graphic (CT) and magnetic resonance im- 
aging (MRI) scan, motor readiness poten- 
tial, neurophysiological measurement of 
simple and complex arm and hand move- 
ments, PET scan using 6-L-(18F)-fluoro- 
dopa, electroencephalogram, and psycho- 
logical examination. During two 1-week 
periods, in connection with the PET analy- 
ses (performed at 2 to 3 months preopera- 
tively and 5 to 6 months postoperatively, 
respectively), the patients discontinued 
bromocriptine therapy. Otherwise, they 
were maintained on the same doses of anti- 
parkinsonian drugs during the 6 months 
preceding the operation and during the en- 
tire 6-month follow-up period (see below). 


immunosuppression and 
Antibody Detection 


Both patients were given immunosup- 
pressive treatment from 2 days before 
transplantation and onward by using a 
combination of low-dose cyclosporine, aza- 
thioprine, and low-dose prednisolone. The 
drugs were administered according to the 
protocol in the Second Scandinavian Multi- 
center Study.” The daily maintenance doses 
have been 2 to 3 mg/kg of cyclosporine, 2 
mg/kg of azathioprine, and 10 mg of pred- 
nisolone. 

Sera from both patients were analyzed 
preoperatively and at 2- to 4-week intervals 
up to 6 months after transplantation for 
alloreactive cytolytic antibodies against a 
panel of B and T lymphocytes of a known 
HLA type (panel reactive antibodies test, 
panel-reactive antibodies).**! To facilitate 
analysis of alloreactive antibodies, and to 
establish histoincompatibility, HLA typing 
of the fetal tissue was performed. Class I 
antigens were serologically defined on cul- 
tured fibroblasts by a cytotoxic micro- 
assay.” The HLA class II antigens were 
typed on DNA preparations from frozen 
tissue samples by using the restriction 
fragment length polymorphism technique 
with DRS and DQ8 complementary DNA 
probes.” Both patients were HLA typed by 
a conventional serological cytotoxic assay 
(Biotest AG, Frankfurt, West Germany). 


Procurement of Fetal Tissue 


With informed consent from women 
seeking abortions and with approval of the 
Research Ethical Committees at the Uni- 
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versity of Lund and the Karolinska Hospi- 
tal in Stockholm, Sweden, fragmented fe- 
tuses were collected after elective abortions 
were performed by vacuum aspiration. Se- 
rological tests, performed on the women 
before the abortion, were negative for hu- 
man immunodeficiency virus and hepatitis 
B and, in most cases, positive for cytomeg- 
alovirus and herpes simplex. The fetuses 
were in the 9th to 11th week of gestation 
(menstrual weeks), which corresponded to a 
fetal (postconception) age of 7 to 9 weeks. 
The gestational ages were confirmed by ul- 
trasound and examination of the aborted 
fetal material. Nulliparas were pretreated 
for some hours with an osmotic cervical di- 
lator (Lamicel) or vaginal administration 
of a prostaglandin analogue (Cervagem, 
May and Baker, Dagenham, England). 

Following general anesthesia or sedation 
and paracervical blockade, a speculum was 
introduced into the vagina, the cervix was 
grasped with a tenaculum, and the cervical 
canal was dilated to a No. 11 Hegar dilator 
(11-mm diameter). Two methods to collect 
fetal material were used. With the first 
method, a plastic cannula (10-mm outer di- 
ameter), connected to a 60-mL syringe, was 
inserted into the uterus. Under ultrasound 
guidance, the opening of the cannula was 
directed to the fetal head. Suction was ap- 
plied, and the fetus was slowly aspirated 
and fragmented into the cannula. Alterna- 
tively, a similar low-pressure vacuum aspi- 
ration technique (regulated by a vacuum 
pump), but without ultrasound guidance 
and using a metal cannula, was employed. 
The cannula was removed from the uterus 
and disconnected from the syringe or the 
vacuum pump. To avoid bacterial contami- 
nation, the fetal tissues were transferred 
into a Petri dish through the rear opening 
of the cannula. 

The part of the fetus that contained the 
brain stem was identified with the aid of a 
dissecting microscope. Following rinsing 
with 5 to 10 mL of sterile 0.6% glucose so- 
lution in 0.9% saline solution, this piece of 
tissue was transferred into a sterile Petri 
dish that contained sterile glucose-saline 
solution and placed in a sterile laminar flow 
hood. The tissue piece was then subjected to 
four additional rinses and transfers to ster- 
ile dishes before removal of the meninges. 
The ventral mesencephalon (comprising a 
piece about 1 mm rostral and 1 mm caudal 
to the interpenduncular fossa) was then 
dissected out from the mesencephalic flex- 
ure and cut into 6 to 12 pieces before being 
transferred into a sterile micro test tube 
that contained 0.1% sterile-filtered (Milli- 
pore) trypsin (Sigma, type II, crude) in glu- 
cose-saline solution. Following 20-minute 
incubation at 37°C, the trypsin was re- 
moved by five to six rinses of fresh glucose- 
saline solution. Finally, the tissue was me- 
chanically dissociated to a mixture of single 
cells and cell aggregates by repeated tritu- 
ration through the tips of a series of fire- 
polished Pasteur pipettes, with decreasing 
inner diameters of 1 to 0.5 mm. A sample of 
the resulting cell suspension was trans- 
ferred, using a sterile Pasteur pipette, onto 
a glass slide where it was immediately 
treated with acridine orange and ethidium 
bromide as a vital stain.“ For each patient, 
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three cell suspensions were prepared: two 
that contained material from one fetus 
each, in a volume of about 35 uL; and one 
suspension from two fetuses, in a volume of 
about 50 uL. 

After dissociation, 1-mL samples of fluid 
from each of the Petri dishes (containing 
the rinsing fluids) and part of the remain- 
ing central nervous system tissue from each 
fetus were taken for bacteriological analy- 
sis. Before the surgery in these patients, 
bacteriological cultures of rinsing fluids 
and fetal tissue had been taken from more 
than 20 consecutive abortions at each of the 
two clinics involved. These analyses had 
demonstrated no bacterial contamination 
of the fetal tissue material. 

Areas of fetal brain tissue adjacent to the 
dissected ventral mesencephalon (from two 
of four fetuses used for patient 1, and from 
all four fetuses used for patient 2) were 
fixed by immersion in 4% paraformalde- 
hyde with 0.4% picric acid in 0.1-mol/L 
phosphate buffer for 4 to 6 hours at room 
temperature. The tissues were then rinsed 
in 10% sucrose in 0.1-mol/L phosphate 
buffer, frozen, and sectioned on a cryostat. 
Sections were processed for indirect 
immunohistochemistry* by using anti- 
bodies against tyrosine hydroxylase (TH, 
Eugene Tech International Inc, Allendale, 
NJ) and fluorescein-labeled secondary anti- 
bodies. The microscopical analysis demon- 
strated normal-looking tyrosine hydroxy- 
lase-positive neuroblasts, eg, in the locus 
coeruleus region. The dissected mesenceph- 
alic region generally included the develop- 
ing substantia nigra, as well as the ventral 
tegmental area, such that less than 10% of 
the DA neuroblasts were estimated to be 
left in the nondissociated tissue. In one 
case, the dissected piece was estimated to 
contain about 50% of the DA neuroblasts. 


Neurosurgical Technique 


The grafts were implanted unilaterally in 
the caudate nucleus and putamen by using 
a CT-guided stereotaxic technique. The 
implantations were carried out on the side 
contralateral to the most severe parkin- 
sonian symptoms, ie, on the left side in pa- 
tient 1 and on the right side in patient 2. The 
stereotaxic frame was fixed by screws that 
were drilled into the skull after the admin- 
istration of local anesthesia. The caudate 
nucleus and putamen were visualized with 
CT by using 2-mm scans. Two implantation 
sites were chosen for the putamen: one in 
the anterior and one in the middle third, 
while one implantation site was chosen 
centrally in the head of the caudate nucleus. 
For each implantation site, coordinates 
were determined for one target point close 
to the inferior border and one close to the 
superior border of the nucleus. The length 
of the lines that connected each pair of tar- 
get points, as well as the spherical coordi- 
nates of these lines that gave the angles to 
the frontal and the sagittal planes, were 
calculated to determine the length of each 
implantation site and the direction of the 
cannula movement (see below). 

A specially constructed instrument (Fig 
1), consisting of an outer cannula with a 
mandrin and an inner cannula with an ad- 
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justable piston rod, was used for the im- 
plantations. The outer diameter of the 
outer cannula was 2.50 mm, and its inner 
diameter tightly fit the outer diameter of 
the inner cannula (1.95 mm). The piston rod 
inside the inner cannula was adjustable and 
could be locked at different distances (0, 10, 
12, 14, 16, and 18 mm) from the tip. In its 0- 
mm position, the tip of the piston and the 
tips of the two cannulas were at precisely 
the same level. The inner diameter of the 
inner cannula was 1.5 mm. 

The implantation procedure was under- 
taken after endotracheal intubation and 
general anesthesia. The stereotaxic instru- 
ment was adjusted according to the prede- 
termined target coordinates and angles. 
The outer cannula was used as a pointer 
before opening the dura mater through a 
bur hole. The fetal mesencephalic cell sus- 
pension was carefully sucked up into the tip 
of the inner cannula by retracting the pis- 
ton rod to fill the lumen to a predetermined 
distance, corresponding to the length of the 
implantation site. The piston rod was then 
locked at this position. The outer cannula, 
with the mandrin, was inserted into the 
brain, such that its tip was at the inferior 
target point of each implantation site. The 
mandrin was then replaced by the inner 
cannula that contained the graft. After re- 
leasing the inner cannula from the piston 
rod, the outer, as well as the inner, cannu- 
las were simultaneously retracted over the 
piston, fixed in its longitudinal position, so 
as to deposit the transplant as a cylinder 
(diameter of 1.5 mm, variable length) in the 
desired position. The implantation instru- 
ment was then carefully retracted from the 
brain. In patient 1, the lengths of the 
transplanted tissue cylinders were 12 mm 
(volume, 21 „L) in the anterior part of 
putamen, 14 mm (volume, 25 uL) in the 
middle part of the putamen, and 16 mm 
(volume, 28 uL) in the caudate nucleus. In 
patient 2, the lengths of both tissue cylin- 
ders in the putamen were 12 mm (volume, 
21 uL), while the length of the transplant 
placed in the caudate nucleus was 14 mm 
(volume, 25 uL). The mean distance between 
the transplants placed in the caudate nu- 
cleus and the wall of the lateral ventricle 
was 5 mm, and the directions of the tissue 
cylinders corresponded to an angle of 15° to 
the frontal and 20° to the sagittal planes. 
The anterior putaminal transplant was 
placed at a mean distance of 20 mm from 
the midline at spherical angles of 7° and 11° 
to the frontal and sagittal planes, respec- 
tively. The posterior putaminal transplant 
was placed at a mean distance of 8 mm be- 
hind and 2 mm lateral to the anterior one 
and directed 12° and 18° to the frontal and 
sagittal planes, respectively. 


Clinical Assessment 


1. Rigidity was evaluated by using a 
scoring system based on passive joint move- 
ments with the patient relaxed in the su- 
pine position as follows: 0 = absent, 
1 = slight, 2 = moderate, and 3 = severe. 
Large joints in all four extremities and the 
neck were examined. 

2. Tremor was recorded as present or 
absent. 
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Fig 1.—Schematic illustration of implantation 
instrument. Instrument consists of two cannu- 
las tightly fitted into each other and with outlet 
tips in exactly the same position. Outer cannula 
is equipped with rounded-tip mandrin (not 
shown) during insertion into the brain. Inner 
cannula has adjustable piston rod that can be 
locked at desired distance from tip by means of 
rotating bar into transverse grooves on upper 
part of inner cannula. When unlocked, this bar 
is positioned in longitudinal groove, and piston, 
therefore, is freely movable. Fetal tissue is 


sucked into tip of inner cannula by retraction of _ l 


piston rod, which then is locked in desired po- 
sition. After insertion of inner into outer cannu- 
la, piston is released from cannula but fixed in 
its position by locking device attached to nee- 
dle guide. Transplant is deposited in brain by 
retracting outer and inner cannulas simulta- 
neously over piston. 


3. Succession movements (pronation/su- 
pination) were evaluated by noting the time 
needed for tapping the knee alternately 
with the palm and dorsum of the hand 20 
times. i 

4. Fist clenches were repeated 20 times 
with each hand, and the time was noted. 

5. Finger dexterity was evaluated by re- 
cording the time needed for tapping the 
thumb with the forefinger and then with 
each finger in rapid succession and back to 
the forefinger 10 times. 

6. Foot lifting was assessed as the time 
the patient needed to lift her foot about 2 cm 
from the floor 20 times. 

7. Gait was evaluated, in patient 2, as the 
number of steps and time needed to walk 7 
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m and then return. In patient 1, who often 
could not perform this test during off peri- 
ods, the following scoring system was used: 
0=normal walking; 1 = mild difficulty; 
2 = moderate difficulty, but requires little 
or no assistance; 3 = severe disturbance of 
walking, requiring assistance; and 
4 = cannot walk at all, even with assistance. 


Single-Dose Levodopa Test 


The response to a single dose of levodopa 
was tested five times preoperatively and six 
times postoperatively, at monthly inter- 
vals. The patients were fasted overnight 
and took their last levodopa and bromocrip- 
tine dose 8 or 12 hours (patients 1 and 2, re- 
spectively) before the start of the test. At 8 
and 9 AM, the patients were given 100 mg of 
levodopa with decarboxylase inhibitor by 
mouth. One to two milliliters of venous 
blood were immediately withdrawn for 
plasma levodopa determination, and clini- 
cal assessment (including scoring of rigid- 
ity and tremor and timed measurements of 
succession movements and gait) was per- 
formed during about 5 minutes. Blood sam- 
pling and clinical testing were then re- 
peated every 15 minutes until about 30 
minutes after the levodopa-induced im- 
provement of mobility had disappeared. 
The plasma levodopa determinations were 
made according to the radioenzymatic pro- 
cedure of Schmidt et al, modified with re- 
spect to the composition of the incubation 
mixture according to Peuler and Johnson.” 


Motor Readiness Potential 


The patients were tested during off peri- 
ods twice preoperatively and at monthly 
intervals postoperatively. The motor readi- 
ness potential consists of several compo- 
nents, one of which is a slow negative wave 
that begins about 1 second before a volun- 
tary movement. This component has been 
found to be diminished in unmedicated pa- 
tients with PD,” and to increase during the 
on phase of levodopa treatment.” Its am- 
plitude thus may indicate changes in 
dopaminergic activity. The time course of 
this potential is consistent with premove- 
ment electrical activity of basal ganglia 
neurons and the supplementary motor area, 
which is thought to involve motor 
programming.” In two patients who had 
previous implantation into the putamen 
with adrenal medullary tissue, the motor 
readiness potential increased during the 
transient period of clinical improvement.” 

For recording the motor readiness poten- 
tial, the patient was supine with the torso 
elevated 45°. A telegraph key was placed 
under one hand, and the patient was in- 
structed to press the key slowly, self-pacing 
the movement at about 4-second intervals. 
The key was constructed so that a pulse was 
generated at the initiation of movement. 
Recordings were made from silver elec- 
trodes at C, F,, F, at F, and 1 cm anterior 
to C, and C, in the International 10-20 Sys- 
tem, referenced to linked ears. A bipolar 
electro-oculographic recording was made 
from the lateral canthus and the superior 
orbit of the right eye. A bipolar electro- 
myographic recording was made over the 
forearm muscle group that contracted 
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Fig 2.—Computed tomographic (left) and magnetic resonance imaging (right) images at 7 days 
after implantation of fetal mesencephalic tissue into caudate nucleus and putamen (patient 1). 
Computed tomographic scan shows small, low-attenuating dot (arrowhead) corresponding to im- 
plantation site in center of left caudate nucleus, while two implantation sites in left putamen are 
scarcely visible. On magnetic resonance imaging scan, implantation site in caudate nucleus, as 
well as those in putamen, are clearly seen as increased signals (arrowheads). 


when the key was pressed. Electrical activ- 
ity was amplified and filtered (0.01 to 30 Hz) 
by amplifiers (Grass model 12, Grass In- 
strument Co, Quincy, Mass). The wave- 
forms were digitized at 100 Hz and analyzed 
by a computer (IBM PC/AT). Trials that 
contained large eye movements were elim- 
inated. Fifty artifact-free trials were ob- 
tained for key presses with each hand. The 
resulting averages were digitally smoothed 
by averaging data from each of three adja- 
cent points. The motor readiness potential 
magnitude was quantified as the voltage 0.5 
seconds before the movement, relative to 
the average potential 1.5 to 2.0 seconds be- 
fore the movement. A spatial map of the 
potential over the superior surface of the 
head was constructed by displaying dot 
density proportional to voltage, interpo- 
lated from the values obtained at each elec- 
trode site. 


Simple and Complex Arm 
and Hand Movements 


Each patient’s arm and hand movements 
were tested using neurophysiological meth- 
ods in the off condition at 2 to 3 months 
preoperatively and at 5 to 6 months postop- 
eratively. Right and left sides were exam- 
ined separately. The results were compared 
with those of a group of eight age-matched 
normal subjects. 

Simple Visual Reaction Time.—Patients 
were seated before an oscilloscope with 
their shoulder adducted and their hand and 
forearm resting on a horizontal platform 
that allowed movement at the wrist. The 
position of the wrist was displayed as a 
vertical 2-cm line that moved horizontally 
across the oscilloscope screen. Above this 
was a second 2-cm line that was usually 
stationary in the center of the screen. Every 
4 to 5 seconds, this line moved 2 cm to the 
left or the right at random, depending on 


whether flexion or extension was required, 
for 600 ms and then moved back to the cen- 
ter of the screen. This constituted the warn- 
ing signal. One to two and a half seconds 
later, the same line moved in the same di- 
rection and remained there for 3 seconds. 
This was the reaction signal, indicating 
that the patient should move her wrist in 
the appropriate direction as soon as possi- 
ble. Trials were conducted in batches of 10: 
right wrist flexion, right wrist extension, 
left wrist flexion, and left wrist extension. 
Five practice trials were allowed. Move- 
ment onset was measured from visual in- 
spection of the position and velocity (elec- 
tronically derived from the position signal) 
records. Flexion and extension latencies 
were equal and were combined to give one 
mean value for each arm. 

Rapid Self-paced Simple and Complex 
Movements.—The tasks studied here were 
isotonic elbow flexion and isometric squeeze 
of a force transducer held in the hand.” 
Briefly, subjects were seated comfortably 
with their shoulder abducted to 90° and 
with the forearm resting on a movable 
platform on which the axis of rotation was 
aligned with the elbow joint. At the end of 
the platform was a force transducer that 
could be grasped between the thumb and 
fingers. The position of the elbow and the 
force of the squeeze were both displayed on 
an oscilloscope screen in front of the pa- 
tient. After familiarization with the appa- 
ratus, the patients were trained to make the 
following movements as rapidly as possible 
in their own time: (1) flex the elbow through 
30°; (2) squeeze the force transducer to 30 N; 
(3) perform squeeze and flexion tasks at the 
same time; and (4) first squeeze the force 
transducer to 30 N, maintain the force, and 
then flex the elbow through 30°. Items 1 and 
2 constituted the simple movements; items 
3and 4 constituted the complex movements. 
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Fig 3.—Time spent in on phase as percent of total time awake during each day, calculated for 1-month periods in patient 
1 (left) and patient 2 (right). Means + SEN are shown. 


Each cycle of four movements was per- 
formed 10 times with each arm. Measure- 
ments were made of the time taken to per- 
form the flex and squeeze components of the 
tasks from the onset of the velocity trace to 
the first zero crossing, and of the interval 
between the onset of the squeeze to the on- 
set of flex in the sequential task. 


PET 


Two to three months before and 5 to 6 
months after transplantation, PET was 
performed by using intravenously admin- 
istered 6-L-(18F)-fluorodopa (18F-dopa). 
Cerebral uptake of 18F-dopa can be used as 
an indicator of presynaptic DA formation 
and turnover.® The specific activity of the 
tracer at the time of injection was 
8.71 + 2.2 (mean + SD) MBg/umol, and 
the administered dose was 3.55 + 1.4 
(mean + SD) MBa/keg of body weight. No 
peripheral dsacarboxylase inhibitor was 
given as premedication. Brain tissue uptake 
of radioactivity was measured over time, 
from 0 to 120 minutes after administration 
of 18F-dopa, in 15 contiguous transaxial 
cross sections simultaneously by the tomo- 
graph (CTI Inc, Knoxville, Tenn, model 
931-08/12). After data collection, regions of 
interest were drawn on a video display unit 
in the center of the left and right head of 
caudate nucleus and putamen. The center of 
the regions of interest (8-mm-diameter cir- 
cles) was placed on top of the maximum ra- 
dioactivities recorded in the anatomical 
sites that corresponded to the caudate nu- 
cleus or putamen. The image resolution was 
8 mm in the three orthogonal planes. Ra- 
dioactivity uptake in the regions of interest 
was plotted over time, and the average 
side-to-side ratios were calculated from 30 
to 90 minutes after tracer administration. 
During this time period, 18F-DA formation 
derived from 13F-dopa appears to be 
greatest in the primate striatum.” Normal 
values were obtained from five healthy vol- 
unteers (mean + SD age, 68 + 7 years) 
who underwent scanning in an identical 
manner. 
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For the two patients, the ratios of ipsi- 
lateral (grafted side) to contralateral up- 
take were calculated. For the healthy vol- 
unteers, both left over right anc right over 
left ratios were obtained. The results in pa- 
tient 1 (grafted side on the left) end patient 
2 (grafted side on the right) were compared 
with the corresponding ratios of the control 
group. . 


Neuropsychological Examination 


To determine possible short-term ad- 
verse effects of the transplantation proce- 
dure on cognitive abilities, psychological 
assessment was performed on both pa- 
tients, while they were receiving full med- 
ication, about 6 months preoperatively and 
1 to 8 weeks postoperatively. The screening 
of mental functioning addressed verbal in- 
tellectual ability,” verbal and spatial learn- 
ing andi memory,*** visuoconstructive 
aptitude’ and visuospatial organization” 
and discrimination. Particular attention 
was paid to tasks that were conceptually 
related to frontal lobe function, such as 
perceptual speed, attention and concept 
change, cognitive flexibility,“ verbal 
abstraction,” and verbal fluency. - 


RESULTS 
Patient History 


Patient 1.—The first patient is a 48- 
year-old woman with PD since 1973. 
Her initial symptom was a tremor in 
the right arm. Levodopa treatment 
was started in 1977 and was successful 
until 1972, when on-off symptoms ap- 
peared. Despite more frequent and 
higher levodopa doses, addition of bro- 
mocripting, trials with a monoamine 
oxidase B inhibitor, and a low-protein 
diet, her symptoms became progres- 
sively more disabling. During off 
phases, she had severe general hypo- 
kinesia, most pronounced in her right 
arm and leg, with marked rigidity and 
a moderate tremor in her extremities. 


Her balance was less severely im- 
paired. During-on periods, her mobility 
was almost normal, except for fre- 
quent but slight hyperkinesia in the 
right arm, the trunk, and the head. 
During off periods, she was rated stage 
IV-V on the scale of Hoehn and Yahr.® 
At the beginning of the study, she was 
taking daily doses of 1200 mg of 
levodopa, combined with benserazide, ` 
and 15 mg of bromocriptine. Serologi- 
cal tests performed before transplan- 
tation were negative for human immu- 
nodeficiency virus and hepatitis B, and 
positive for cytomegalovirus and. 
herpes simplex. 
Patient 2.—The second patient is a 
55-year-old woman with PD since 1973, 
when she started to exhibit hypoki- 
netic movements and rigidity, but no 
tremor, in her right arm and leg. She 
did well while she was receiving 
levodopa from 1974, when treatment 
was initiated, until 1980, when she be- 
gan to develop on-off symptoms. Sev- 
eral attempts to improve her symp- 
toms by changing medication gave 
only a temporary benefit. During off 
phases, she showed a pronounced dis- 
turbance of gait and clear impairment 
of balance. She walked with great dif- 
ficulty and manifested festination, 
short steps, and propulsion. Moderate 
rigidity and hypokinetic movements 
were observed in the arms, particu- 
larly on the right side, whereas more 
marked rigidity was noted in the legs, 
most pronounced on the left side. She 
had a tremor only in her left leg. Dur- 
ing on phases, she experienced short 
periods of practically normal motor . 
performance, but most of the time she. 
had hyperkinesia in her head, trunk, 
and extremities. The patient was rated 
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stage IV® during off phases. At the be- 
ginning of the study, she was taking 
daily doses of 350 mg of levodopa, 
combined with carbidopa, 15 mg of 
bromocriptine, and 150 mg of or- 
phenadrine hydrochloride. In patient 
2, serological tests were negative for 
human immunodeficiency virus and 
hepatitis B, and positive for cytomeg- 
alovirus and herpes simplex. 


Surgery and General Clinical Course 


The patients received immunosup- 
pressive drugs 2 days preoperatively, 
and on the day of surgery and the sub- 
sequent 2 days, they were given pro- 
phylactic treatment with antibiotics 
(cefuroxin sodium [Zinacef], 1.5 g in- 
travenously three times daily, and 
metronidazole [Flagyl], 500 mg intra- 
venously twice daily). 

Patient 1.—The operation was per- 
formed on the left side in November 
1987, without any complications. Ven- 
tral mesencephalic tissue from one fe- 
tus was used for each putamen site 
(both fetuses were 9 weeks old, gesta- 
tional age) and from two fetuses (8 and 
10 weeks old) for the implantation in 
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the caudate nucleus. The cell viability, 
evaluated within 60 minutes before 
implantation, was between 75% and 
80% in the three different suspensions. 
The time interval from the abortion to 
the implantation was between 5 and 6 
hours. Analyses of material from the 
cell suspensions showed no bacterial 
growth. Postoperative CT and MRI 
scans (Fig 2) demonstrated the im- 
plantation sites to be localized as in- 
tended in the head of the caudate nu- 
cleus and at the two sites in the puta- 
men. On CT scans performed 2 and 7 
days after surgery, the implantation 
sites were visible as small low-attenu- 
ating changes, while CT scans per- 
formed after 4 and 8 weeks were nor- 
mal. On MRI scans, the implantation 
sites were observed as increased sig- 
nals (area diameter, 1 to 2 mm) and 
clearly visible at 7 days and 4 weeks 
postoperatively. There were no signs of 
bleeding or other changes. The postop- 
erative electroencephalogram, re- 
corded 3 weeks after transplantation, 
was normal. 

The postoperative course was un- 
eventful until 18 days after surgery 
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when she developed a fever (tempera- 
ture range, 38.3°C to 38.4°C) and her 
white blood cell count increased to 
25 X10°/L. She also had slight gas- 
trointestinal problems. There were no 
focal signs of infection, and extensive 
investigation, including analysis of 
cerebrospinal fluid, failed to reveal any 
cause for her symptoms; however, it 
seemed most likely that they were due 
to an infection. She was therefore 
treated with piperacillin sodium (2 g 
three times daily) and netilmicin sul- 
fate (100 mg twice daily) for 10 days. 
During this period, her temperature 
and white blood cell count returned to 
normal. No antibody reactivity against 
class I and II HLA antigens was ob- 
served in the tests performed up to 6 
months postoperatively. 

Patient 2.—There were no complica- 
tions after surgery, which was carried 
out on the right side in December 1987. 
Ventral mesencephalic tissue from one 
fetus was placed in each of the two 
putamen sites and from two fetuses at 
one site in the caudate nucleus. Theage 
of the fetuses was about 9 weeks. The 
cell viability in the suspensions was 
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Fig 4.—Patient 1. Motor performance recorded during off periods with patient receiving optimal medication. Time needed to 
perform arm/hand function tests (top far left, top center right, and bottom far left) and foot-lifting test (bottom center right) 
on left (hatched bars) and right (open bars) sides, preoperatively and during 2-week periods postoperatively. Bars give means; 
each test result is represented as a dot. Top canter left, top far right, bottom center left, and bottom far right, Result of sta- 
tistical analysis of data. Mean for measurements made over each consecutive 2-week period postoperatively are graphed 
at center of that period. Preoperative values are plotted at O weeks. Open squares denote measurements made on right limbs; 
closed triangles, measurements on left limbs. Calculated polynomial regression lines for right side (solid) and left side (dotted) 


are shown. 


between 80% and 87%. Between 4 and 
5 hours elapsed from the abortion to 
the implantation of the cell suspen- 
sions. There was no bacterial growth in 
material from the three different cell 
suspensions. Postoperative CT and 
MRI seans showed that the implanta- 
tion sites were localized as intended in 
the caudate nucleus and in the puta- 
men. The CT scans performed 2 days 
after the operation revealed a small 
(<1 mm in diameter) high-attenuating 
change, probably representing a small 
hemorrhage that corresponded to the 
implantation site in the caudate nu- 
cleus. Seven days postoperatively, this 
high-attenuating lesion had disap- 
peared, but slight local edema in the 
caudate nucleus was observed and ver- 
ified by an MRI sean (increased signal 
within an area close to 1 em). These 
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changes were absent on CT and MRI 
scans 4 weeks after the operation. 
There were no abnormal changes at 
the imp.antation sites in the putamen 
in any of the postoperative CT and 
MRI follow-up scans. The transplan- 
tation sites were visible in the CT 
scans at 2 and 7 days as low-attenu- 
ating dots and in the MRI scans at 7 
and 4 weeks after surgery as a corre- 
sponding increase in signal (1 to 2 mm 
in diameter). The electroencephalo- 
gram showed no postoperative abnor- 
malities at 1 week. 

The postoperative course for patient 
2 has been uneventful. There have been 
no symptoms of infection and no com- 
plications related to the immunosup- 
pressive treatment. No evidence has 
been obtained of antibody formation 
against class I and II HLA antigens. 
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Patient’s Self-assessment 


Patient 1.—This patient experienced 
no significant variations of her condi- 
tion during the 6 months preceding the 
operation. Paralleling the febrile pe- 
riod beginning during the second week 
after surgery, her parkinsonian dis- 
ability worsened. After 4 to 5 weeks, 
she improved again, and during the 
fourth and fifth postoperative months, 
she felt better than before the opera- 
tion. She noted that she could walk in 
the mornings before the first levodopa 
dose, which had been impossible for at 
least 1 year. She also felt less hypoki- 
netic during off periods, and during on 
periods, she had more pronounced hy- 
perkinesia than before surgery. At 
about 5 months postoperatively, she 
experienced for 2 weeks a transient 
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Fig 5.—Patient 2. Motor performance recorded during off periods with patient receiving optimal medication. Time needed to 
perform arm/hand function tests (top far left, top right, and center far left) and foot-lifting test (bottom right) on left (hatched 
bars) and right (open bar) sides. Number of steps (open bars) and time (hatched bars) needed to walk defined distance (bottom 
center left). Bars give means of recordings performed preoperatively and during 2-week periods postoperatively. Each test 
resu't is represented as dot. Top center left, top far right, center left, bottom far right, and bottom far left, Statistical analysis 
as in Fig 4. Bottom center right, Regression line for time to walk fixed distance. 


worsening of her condition but then 
improved again. At the end of the 
6-month follow-up period, she re- 
ported no major reduction of her par- 
kinsonian symptoms. 

The time that patient 1 spent in on 
phase was quite stable during the 6 
months preceding the operation, rang- 
ing from 31% to 38% of the day (Fig 8, 
left). During che first postoperative 
month, when the patient experienced 
more severe parkinsonian symptoms, 
the on time was reduced to 22%. For 
the next 2 months, the on time consti- 
tuted about .30%; but after 3 months, 
coinciding with the time she started to 
feel less hypokinetic, the on time in- 
creased to 44%. During the fifth and 
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sixth postoperative months, the time 
spent in on phase remained at about 
40%. 

Patient 2.—This patient experienced 
no marked alteration of her condition 
either during the 6-month period of 
preoperative assessment or during the 
first 3 postoperative months. Her con- 
dition then worsened, and in the sub- 
sequent month, she felt more hypoki- 
netic and rigid and had more tremor 
and more pronounced difficulties in 
walking, particularly in the morning 
before the first levodopa dose. During 
the next 2 months, she improved again, 
and during the sixth month after 
transplantation, she and her relatives 
reported less parkinsonian symptoms 


Postoperatively, wk 


than before surgery. Patient 2 re- 
corded her on-off fluctuations for 4 
months preoperatively, and during 
this period, the time spent in on peri- 
ods ranged from 43% to 47% of the day 
(Fig 3, right). During the first 3 months 
after transplantation, the on time was 
slightly greater than preoperatively, 
but this was not seen during the sub- 
sequent month. However, after 5 and 6 
months, there seemed to be a slight in- 
crease of on time, to 57% and 63%, re- 
spectively. 


Clinical Testing During Off Periods 


Figures 4, 5, and 6 show the perfor- 
mance of the patients in the neurolog- 
ical test battery, as well as the result of 
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the statistical analysis of the data. For 
this analysis, the means of the data 
obtained during each consecutive 2- 
week interval have been plotted vs the 
midpoint of that interval. Preopera- 
tive means are plotted at 0 weeks. 
Analysis consisted of fitting bivariant 
regression lines, specifically second- 
degree polynomials (for the data of 
patient 1) or fourth-degree polynomi- 
als (for the data of patient 2), to the 
postoperative means. The regression 
lines for the data obtained from the 
right side (solid) and left side (dotted) 
were first validated by analysis of 
variance and then compared with the 
respective preoperative means and to 
one another via F’.tests with Scheffé’s™ 
protection for multiple comparisons. 
Significance was defined as P < .05. 
Patient 1.— During the first postop- 
erative 2-week period, patient 1 per- 
formed the tests, particularly succes- 
sion movements, more slowly than 
preoperatively (Fig 4). Beyond this 
point, there was a significant trend to- 
ward improvement in the pronation/ 
supination (Fig 4, top far left, and top 
center left), fist clenches (Fig 4, top 
center right, and top far left), and foot 
lifting (Fig 4, bottom center right, 
bottom far right) tests. After about 12 
weeks, all three tests showed signifi- 
cant improvements compared with 
preoperative performance. This im- 
provement was still apparent, after a 
transient worsening, at the end of the 
26-week postoperative examination 
period. Interestingly, the right-sided 
deficits, which were significantly 
greater than those measured on the 
left side preoperatively in the prona- 
tion/supination and _fist-clenching 
tests, showed a more marked improve- 
ment postoperatively. For example, 
before transplantation, 20 pronation/ 
supination movements were carried 
out in about 24 seconds with the right 
arm and 19 seconds with the left arm. 
Between 15 and 26 weeks postopera- 
tively (except at 21 and 22 weeks), the 
tests took only 16 to 18 seconds in each 
arm, and the side difference, which had 
been about 5 seconds preoperatively, 


was hardly distinguishable. Record-' 


ings of succession movements in on 
phase during the same time period 
showed a mean value of 7.5 seconds in 
both arms. 

The walking ability of patient 1 par- 
alleled the motor performance in the 
arm/hand function tests and the foot- 
lifting test. In most preoperative tests, 
she showed a severe disturbance of 
walking during off phases, often re- 
quiring assistance. She was slightly 
worse during the first postoperative 
month but then improved. From about 
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12 weeks and onward, except fcr a 
transient worsening at 21 and 22 
weeks, she showed a minor improve- 
ment, now being able to walk with 
more moderate difficulty, somewhat 
longer steps, and without assistance. 

Only insignificant changes were ob- 
served in finger dexterity, and there 
were no significant effects on rigidity 
induced by the transplantation. There 
was no change in the localization and 
severity of tremor after surgery. 

Patient 2.—In patient 2, after an ini- 
tial slight and transient worsening in 
performance, there was a significant 
and rapid improvement in pronation/ 
supination (Fig 5, top far left, and top 
center left), fist clenches (Fig 5, top 
center and top center right), and foot 
lifting (Fig 5, bottom center, and bot- 
tom center right). For example, the 
pronation/supination test took only 
about 14 seconds as compared with 
about 19 seconds before grafting. Dur- 
ing on periods, this test was carried out 
in 9 to 10 seconds. There was a tran- 
sient worsening in performance at 13 
and 14 weeks. As with patient 1, there 
were no apparent changes in finger 
dexterity. 

In patient 2, an initial transient 
postoperative worsening was recorded 
in the walking test. The number of 
steps then returned to preoperative 
values, whereas there was a signifi- 
cant and progressive reduction in the 
time needed to walk the measured dis- 
tance (Fig 5, bottom center left) due to 
a clear increase in the number of steps 
per second (Fig 6). As compared with 
preoperative measurements, the im- 
provement in walking was first ob- 
served at 17 and 18 weeks and was still 
apparent at the end of the 26-week ex- 
amination period. During on periods, 
patient 2 needed 25 steps to perform 
the walking test that was carried out 
in about 12 seconds. The rigidity scores 
recorded postoperatively were similar 
to those found before the operation. No 
transplantation-induced effects on 
tremor were observed. 


Single-Dose Levodopa Test 


A number of different parameters 
were measured for the analysis of the 
levodopa effect; these included (1) du- 
ration of the levodopa response, (2) la- 
tency of the levodopa response, (3) 
time to perform the motor task and ri- 
gidity and tremor scores during 
levodopa-induced on periods, and (4) 
time needed for the task and rigidity 
and tremor scores during the subse- 
quent off period. Analysis of the data 
consisted of fitting regression lines 
through the postoperative values and 


Walking Speed 


"No. of Steps/s 





O 4 8 12 


16 20 24 28 
Postoperatively, wk 

Fig 6.—Patient 2. Walking speed calculated 

from data shewn in Fig 5, bottom center left, as 


number of steps per second. Statistical analy- 
Sis as in Figs 4 and 5. 


comparing the regression lines with 
preoperative means via F tests with 
Scheffé’s™ protection for multiple com- 
parisons. Significance was defined as 
P< 065. 

Patient 1.—-In the preoperative tests, 
patient 1 responded to 100 mg of 
levodopa ziven orally by turning from 
the off into the on phase after 80 to 45 
minutes (Fig 7, center). In one of the 
tests, no change in motor function was 
induced by the drug administration, 
and this test was excluded from the 
data analysis. The on phase lasted for 
60 to 75 minutes (mean, 64 minutes) 
and the patient then returned to the 
off phase. Postoperatively (Fig 7, 
right), no significant change was seen 
in the latency or duration of the re- 
sponse to levodopa. The on phase 
started 30 to 75 minutes after levodopa 
intake and lasted for 60 to 90 minutes 
(mean, 78 minutes). Following graft- 
ing, patient 1 showed a significant and 
progressive improved performance 
of pronation/supination movements 
during both levodopa-induced on (Fig 
7, center bottom) and subsequent off 
periods (Fig 7, right). In addition, her 
walking ability was somewhat better 
(longer steps, no assistance required) 
in the off phase as compared with pre- 
operatively in the tests performed at 4 
and 6 months, whereas at 5 months 
(when she experienced a period of 
transient worsening), this improve- 
ment was not observed. No postopera- 
tive changes in rigidity scorés or de- 
gree of tremor were observed before, 
during, or after the effect of the levo- 
dopa dose. 
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Patient 2,—-This patient showed the 
same “square-waved” functional re- 
sponse to levodopa intake as patient 1 
(Fig 8, left). Preoperatively, the begin- 
ning of the on phase was observed af- 
ter 30 to 75 minutes, and the response 
lasted for 105 to 120 minutes (mean, 
111 minutes). No change was seen 
postoperatively in the duration of the 
levodopa response. However, there 
was a small but statistically signifi- 
cant decrease in the latency of the re- 
sponse. The patient changed from the 
off to the on phase 30 to 60 minutes af- 
ter levodopa intake, and the duration 
of the on phase was then 90 to 120 
minutes (mean, 108 minutes; Fig 8, 
center).- The postoperative perfor- 
mance of prona*ion/supination move- 
ments was significantly more rapid 
than preoperatively during both 
levodopa-induced on (Fig 8, bottom 
left) and subsequent off (Fig 8, bottom 
right) periods. This improvement was 
observed already on the first test, per- 
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formed at 1 month postoperatively. 
The rigidity and tremor scores showed 
no postoperative changes. The walking 
ability was worse on the tests carried 
out at 1 to 4 months postoperatively 
but then improved and was better than 
preoperatively at 5 and 6 months. The 
improvement was observed as an in- 
crease of walking speed, ie a reduction 
of the time needed to perform the test 
whereas tre number of steps was un- 
changed. 

The analysis of plasma levodopa lev- 
els in the preoperative tests showed 
that the peak values (10.0 + 0.8 ng/5 
uL of plasma in patient 1 and 5.3 + 0.6 
ng/5 uL of plasma in patient 2 
[mean + SEM)) occurred after a mean 
of 30 and 72 +15 minutes, respec- 
tively, in the two patients. No signifi- 
cant change (P > .05, Student’s un- 
paired t test) of these parameters was 
observed in the tests performed after 
the transplantation. There was a peak 
value of 8.7 + 0.5 ng/5 uL of plasma at 
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Fig 7.—-Patient 1. Effects on motor perfor- 
mance of single dose of levodopa (100 mg by 
mouth) given after drug-free period of 8 hours. 
Top panels, Time needed to perform prona- 
tion/supination test with right arm has been 
taken as index of general motor condition of 
patient, and is plotted against time after ad- 
ministration of levodopa. Results of five preop- 
erative tests (center) performed during 6- 
month period, and of six postoperative tests 
(right) carried out at monthly intervals are 


shown. Bottom panels, Time needed to perform 


pronation / supination test during levodopa-in- 
duced on phase (at bottom center) and subse- 
quent off phase (at right). Preoperative values 
are shown at time O. Figure also gives calcu- 
lated regression lines. 


40 + 7 minutes in patient 1 and a peak 
value of 4.2 + 0.4 ng/5 uL of plasma at 
50 + 5 minutes in patient 2. 


Motor Readiness Potential 


Motor readiness potential ampli- 
tudes, recorded during off periods, 
were extremely small in the two pa- 
tients preoperatively (Fig 9, top left), 
with averages less than 1.0 uV at all 
electrode sites. Postoperatively, the 
potentials showed progressively in- 
creasing amplitude, more marked for 
patient 1 than for patient 2 (Fig 9, top 
and bottom left). For patient 1, record- 
ings over the operated hemisphere, at 
5 and 7 months postoperatively, 
showed mean amplitudes of 7.8 + 0.8 
uV for contralateral movements and 
3.8 + 0.8 uV for ipsilateral ones. For 
patient 2, the comparable values were 
3.0 + 1.0 and 2.5 + 0.5 uV for con- 
tralateral and ipsilateral movements, 
respectively. The potentials increased 
over both hemispheres and for move- 
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ments of either hand, but there were 
lateralized differences in the amount 
. of increase that indicated that the 
change was primarily localized in the 
transplanted hemisphere. Recordings 
made over both hemispheres showed 
larger increases over the operated 
side, regardless of which hand was 
moved. The largest differences were 
seen in comparisons of the recordings 
made from each hemisphere while the 
opposite hand was moved. This ar- 
rangement provides maximal activa- 
tion of the motor readiness potential in 
each hemisphere, as would be expected 
from the normal crossed pattern of in- 
nervation. For patient 1, the increase 
in the amplitude of the motor readi- 
ness potential of the operated hemi- 
sphere was 155% of the increase of the 
unoperated side. For patient 2, the in- 
creasé on the operated side was 200% 
of the increase on the unoperated side. 
Other comparisons of recordings made 
from the same hemisphere while ei- 
ther hand was moved or from both 
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hemispheres during movement of the 
same hand also showed lateraliżed dif- 
ferences, with the larger increases al- 
ways found over the operated hemi- 
spheres. The patterns of activity in re- 
sponse to movements of each hand are 
shown in the maps of Fig 9, right). The 
postoperative increase in motor poten- 
tial amplitude was significant for pa- 
tient 1 (Wilcoxon ranked sums, 
P<.05). Data from both patients 
could be fit by a general linear model 
that supposes no change in motor 
potential preoperatively, followed by 


a linear increase postoperatively 
(P < .05). 
Simple and Complex Arm and Hand 


Movements 


The patients had longer reaction 
times and slower movements than nor- 
mal subjects both before and after the 
operation (Fig 10). There was no 
change in the simple reaction time of 
patient 1 postoperatively. However, 
there was a significant decrease in the 
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Fig 8.—Patient 2. Effects on motor perfor- 
mance of single dose of levodopa (100 mg by 
mouth) given after drug-free period of 12 hours. 
Top left and center, Time needed to perform 
pronation/supination test with right arm. has 
been taken as index of general motor condition 
of patient, and is plotted against time after ad- 
ministration of levodopa. Results of five preop- 
erative tests (left) performed during 6-month 
period and of six postoperative tests (center) 
carried out at monthly intervals are shown. 
Bottom panels, Time needed to.perform prona- 
tion/ supination test. during levodopa-induced 
on phase (at bottom left) and subsequent off 
phase (at bottom right). Preoperative values 
are shown ai time 0. Figure also gives calcu- 
lated regression lines. 


` 


time taken to execute a simple squeeze 
on both sides, with the right side im- 
proving slightly more than the left. 
The time taken for the simple flexion 
movement did not change postopera- 
tively, but when combined with 4 si- 
multaneous squeeze; flexion time did 
appear to decrease on both sides post- 
operatively; however; these data are 
difficult to interpret. The reason for 
this is that despite all encouragement, 
the size of the flexion movement was 
only some 12° postoperatively, rather 
than 30°. Because the duration of an 
isotonic elbow movement is related to 
its extent, this may account for much 
of the decrease in movement time. The 
patient could not perform sequential 
squeeze then flex movements postop- 
eratively; hence, there were no data 
available for interonset latency after 
implantation. 
Patient 2 showed a significant 
(P < .05) improvement in four of the 
five measures on the left side postop- 
eratively (Fig 10, right). Although her 
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F'g 9.—At top left, Motor readiness potentials recorded during off periods, preoperatively and postoperatively. Recordings 
were obtained from central electrode (1 cm anterior to C, or C,), over operated hemisphere during movement of contralateral 
hand. Preoperative recording is from immediately before operation; postoperative recordings were performed at 5 months for 
patient 1 and at 4 months for patient 2. Arrow indicates time of movement; asterisk, point 0.5 seconds before movement, at 
wich the potential magnitude is measured. At bottom left, Motor potential amplitudes during preoperative and postoperative 
course, As shown at top left, all potentials were recorded during off periods, and values shown are from central electrode 
on operated side, during movements of contralateral limb. At right, Maps of motor readiness potential amplitude over superior 
surface of head. Density of dots at each site is proportional to voltage obtained from all electrodes, divided by their distance 
from site. Nose is uppermost in each figure part. For each patient, both preoverative recordings and postoperative recordings 
after 7 months for patient 1 and after 6 months for patient 2 are shown. Both right hand and left hand movements are shown. 
Asterisks indicate operated hemisphere on map obtained postoperatively, during movement of contralateral limb. This move- 
ment is most likely to elicit maximum activity in transplanted hemisphere. 


simple reaction time was unchanged, 
all measures of movement speed im- 
proved. There was no change on the 
right side (Fig 10, left). 


PET 


The Table summarizes the side-to- 
side ratios of striatal 18F-dopa-de- 
rived radioactivity calculated for the 
two patients and five healthy volun- 
teers. No consistent lateralized change 
was found either in the caudate nu- 
cleus or in the putamen at 5 and 6 
months after transplantation. More- 
over, the ratios measured in the pa- 
tients did not differ from those of the 
healthy volunteers. However, at 12 
months after transplantation, there 
was increased 18F-dopa uptake in the 
caudate nucleus on the side .of the 
transplantation in patient 1 and in- 
creased uptake in the putamen on the 
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side of transplantation in patient 2. 
Additional details will be published 
subsequently. 


Neuropsychological Examination 


Preoperative neuropsychological ex- 
amination revealed a level of cognitive 
functioning well above the average 
range in patient 1. The psychcmetric 
profile was balanced and without signs 
of cognitive impairment. In patient 2, 
cognitive performance was within the 
average range although there was ev- 
idence of a slight nonverbal memory 
dysfunction. On postoperative testing 
(at 1 to 3 weeks), both patients per- 
formed at a level in agreement with 
preoperative values. Also, in tasks re- 
lated to frontal lobe functioning, there 
was no indication of altered perfor- 


- mance as a result of the transplanta- 


tion. Cognitive flexibility, perceptual 


speed, attention and concept change, 
abstraction, and verbal fluency were in 
accordance with preoperative levels. 


COMMENT 


From the results of the present 
study, it seems possible to draw the 
following main conclusions: (1) ventral 
mesencephalic tissue obtained from 
routine elective abortions can be im- 
planted into the brains of immunosup- 
pressed parkinsonian patients without 
major complications; (2) no major 
graft-induced improvements of thera- 
peutic value to the patients have been 
observed up to 6 months postopera- 
tively; (3) neurophysiological methods 
and the clinical test battery have de- 
tected significant but small postopera- 
tive improvements that could indicate 
a graft effect; and (4) it has not been 
possible to. detect a graft-derived 
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Fig 10.—-Patient 2. Results from simple and complex arm and hand movements on right (left) and 
left (right) sides preoperatively (hatched bars) and postoperatively (open bars). Average data from 
group of eight age-matched normal subjects (solid bars) are included for comparison. Histograms 
plot (1) simple reaction time (simple RT) to movement of visual target measured to onset of wrist 
displacement, (2) time taken to squeeze force transducer in hand to force of 30 N, (3) time taken 
to flex elbow through 30°, (4) time taken to perform squeeze and flexion tasks simultaneously, 
and (§) interval between onset of squeeze and flexion movement in rapid sequential task (inter- 
onset latency). All of latter four movements were self-paced and made as rapidly as possible. Data 
are means + SEMs. Asterisks indicate significant preoperative vs postoperative differences 


(P < 0.5). 


Side-to-Side Ratio of Total Striatal Radioactivity * 


Healthy 


Volunteers (n = 5)+ 


L/R 


Caudate 1.031 + 0.156 


1.008 + 0.084 


Putamen 


R/L Grafting 
1.019 + 0.126 


1.022 + 0.070 


Patients 
(Ipsilateral/Contralateral) 
CC 
Before After 
Grafting 
0.894} 
1.020§ 


0.970¢ 
1.150§ 





* Ratios measured from 30 to 90 minutes after (18F) fluorodopa administration by using positron emission 
tomography in five healthy volunteers and in two grafted parkinsonian patients (ipsilateral over contralateral). 


¢+Mean + SD. 
Patient 1. 
§Patient 2. 


dopaminergic reinnervation of the 
striatum by using PET with 18F-dopa. 

Despite three implantation sites, no 
signs of brain damage were observed 
in the.clinical and neurophysiological 
tests or in the neuropsychological ex- 
amination. On CT and MRI scans, 
there was slight evidence of edema 
formation around the path of. the 
transplantation instrument and, in pa- 
tient 2, a very minor hemorrhage at 
the implantation site in the caudate 
nucleus. These changes were entirely 
reversible. In accordance with our pre- 
vious experience with adrenal medulla 
autotransplantation,”© stereotaxic 
surgery appears to represent a safe 
procedure for implantation of graft 
tissue into the striatum, with less risk 
for the patient than open micro- 
surgery.“ We have also demonstrated 
here that noncontaminated neural tis- 
sue suitable for transplantation in hu- 
mans can be obtained from routine 
elective suction abortions. Further- 
more, no complications related to the 
immunosuppressive treatment have 
been noted during the 6-month follow- 
up period. 
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The conclusion that there has been 
little improvement of therapeutic 
value attributable to graft function in 
the two patients has been inferred 
from the following observations: (1) 
the degree of parkinsonian symptoms 
during the postoperative period has 
not indicated a reduced need for 
levodopa or bromocriptine; (2) there 
has been no significant change in ei- 
ther patient in the duration of the re- 
sponse to a single levodopa dose; (3) the 
time spent in on phases has not in- 
creased more than to 44% and 63% of 
the day, respectively, in the two pa- 
tients; and (4) the patients themselves 
have only noted minor improvements 
of motor function, starting after 3 
months in patient 1 and after 4 and 5 
months in patient 2. These minor post- 
operative changes might indicate a 
small graft effect, but spontaneous 
fluctuations in the symptoms of the 
patients and placebo effects should 
also be considered. However. some of 
the neurophysiological measurements 
and the clinical test battery show 
small changes, which may suggest an 
effect of the transplantation. 


The changes in motor readiness po- 
tentials are consistent with slowly im- 
proving function in the basal ganglia. 
An increase in the motor readiness 
potential has been seen with levodopa 
therapy in the early and middle stages 
of PD.” In patient 1, the changes 
were most pronounced over the trans- 
planted hemisphere, in association 
with movements of the hand con- 
tralateral to the transplant, consistent 
with the crossed hemispheric repre- 
sentation of the extremities. Patient 2 
showed a similar trend. There were 
increases, though smaller, over the 
unoperated side as well, which may 
simply reflect volume conduction over 
the surface of the scalp. The change in 
motor readiness potential amplitude 
appeared to precede the clinical 
change. 

Although bilateral improvements 
after a unilateral transplantation 
seem to be possible, a functional effect 
of a graft-induced dopaminergic rein- 
nervation of the striatum would most 
likely be expressed primarily con- 
tralaterally. Studies in patients with 
hemiparkinsonism*’* have indicated 
that unilateral reduction in dopamin- 
ergic transmission in the striatum 
leads to impairment of motor perfor- 
mance primarily on the contralateral 
side of the body. It is therefore inter- 
esting that the quantitative analysis of 
simple and complex arm and hand 
movements in patient 2 showed a sig- 
nificant improvement of movement 


speed in four different measures on the 


side contralateral to the grafts, but no 
change on the ipsilateral side. More- 
over, in patient 1, the movement speed 
in the simple squeeze test seemed to 
have increased slightly more con- 
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tralaterally; this was also evident in 
the clinical test battery, which indi- 
cated that the preoperative side dif- 
ference both in the pronation/supina- 
tion and the fist-clenching tests prac- 
tically disappeared between 3 and 4 
months postoperatively. This was 
again due to a more pronounced im- 
provement on the side contralateral to 
the grafts than ipsilaterally. It seems 
unlikely that these predominantly 
contralateral changes could be ex- 
plained by a placebo effect alone. It 
may be hypothesized, though, that 
they are merely due to the transplan- 
tation procedure and not related to 
graft survival and dopaminergic fiber 
outgrowth. Two observations argue 
against this interpretation. First, the 
measurements of motor readiness po- 
tentials suggest an increased dopam- 
inergic neurotransmission on the 
grafted side. Second, in our previous 
study with adrenal medulla autotrans- 
plantation into the putamen,” there 
were no indications of any similar 
long-term improvement in motor func- 
tion on the side contralateral to the 
implants. Therefore, we believe that 
the observed changes in movement 
speed might be due to surviving 
grafted neurons that give rise to a 
low-density dopaminergic innervation 
of the striatum. . 

The PET analysis has, however, not 
documented any dopaminergic rein- 
nervation of the striatum. Five to six 
months after transplantation, the two 
patients did not show a significant in- 
crease in the uptake of 18F-dopa-de- 
rived radioactivity in the operated 
striatum as compared with the non- 
grafted side. This indicates that the 
PET method has not been able to dem- 
onstrate any improvement of striata] 
presynaptic dopaminergic function in 
terms of 18F-DA formation and stor- 
age. However, due to the detection 
limit of the technique, the PET data do 
not -rule out the possibility of the 
existence of a small number of surviv- 
ing grafted dopaminergic neurons that 
could be responsible for the observed 
functional improvements. 

Since both patients have shown a 
clear therapeutic response after the 
administration of levodopa, it seems 
unlikely that the lack of a major ther- 
apeutic effect in this study is due to 
unresponsiven2ss of striatal neurons 
to DA release from the grafted cells. It 
is possible, though, that the long-term 
survival and/or nerve fiber formation 
by the implanted DA neurons has been 
hampered by tke disease process itself, 
by immunological rejection mecha- 
nisms, or by the continued antiparkin- 
sonian drug treatment. Both patients 
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in the present study have suffered 
from idiopathic PD, the cause of which 
is urknown. If the degeneration is due 
to an intrinsic defect in their own DA 
system, eg, a premature or accelerated 
aging process” or a lack of scavenger 
molecules that can take care of endoge- 
neously produced free radicals, >^”? the 
grafted cells would most likely not be 
affeezed by the disease procass. If, on 
the other hand, parkinsonian patients 
lose DA neurons because of a disease 
process within the striatum., but ex- 
trinsic to these neurons, such as the 
lack of trophic substances produced by 
striatum, this process could also elicit 
a slow or more rapid degeneration of 
the grafted neurons. Similarly, if the 
intrinsic DA neurons have degener- 
ated due to an exogeneously derived 
insult, and the causative agent was 
still present, this process could also 
cause a gradual DA neuron ‘death in 
the graft. This would be the case if the 
patient continues to be exposed to 
some environmental toxin.” How- 
ever, if the degeneration resulting 
from this exposure is a slow process, 
one would expect that the patient 
should still benefit from DA neuron 
grafting, at least for a limited time pe- 
riod. 

Our patients were treated with im- 
munosuppression to optimize the con- 
ditions for graft survival and to in- 
crease the chance for successful re- 
grafting if necessary. At present, there 
are no noninvasive approaches to mon- 
itor the rejection of grafted fetal tissue 
in the brain. If it were to precede any 
functional effects, rejection would 
probably pass unnoticed. If positive 
functional effects have developed, re- 
jection would lead to a partial or com- 
plete disappearance of such graft-in- 
duced improvements. Although the 
immunosuppressive treatment in 
these pasients has been kept at a the- 
oretically optimal level, an eariy im- 
munologically mediated destruction of 
grafted DA neurons can neither be ex- 
cluded ncr supported by our data. Fur- 
thermore, we cannot rule out the pos- 
sibility that immunological rejection 
of the graft has occurred at some later 
date. Neither the clinical course nor 
any nonspecific sign of rejection has 
been suggestive of immunologically 
mediated destruction of the graft in 
either patient. The absence, in both 
patients, of any detectable antibodies 
against the implanted fetal tissue also 
argues against that rejection pro- 
cesses have occurred. 

Since any beneficial effects related to 
ingrowth of DA-producing nerve fi- 
bers from grafted neurons were not 
expected to appear until several 


months after transplantation,” it was 
decided to maintain full antiparkinso- 
nian medication postoperatively. The 
patients also continued to receive the 
same doses of medication during 
the period of the study to minimize the 
possibility that clinical improvements 
could be due to transient changes in 
medication. However, it has been sug- 
gested that levodopa treatment may 
accelerate the degeneration of remain- 
ing intrinsic nigrostriatal DNA neu- 
rons in parkinsonian patients” for ex- 
ample, this might occur through an 
auto-oxidation of levodopa which has 
been reported to produce cytotoxic 
substances, such as free radicals and 
quinones.” One cannot rule out the 
possibility that the levodopa treat- 
ment in the two patients studied here 
has interfered with the survival and 
growth of the grafted DA neurons. 
Whether such a vulnerability of the 
grafted DA neurons to levodopa exists 
should be addressed in animal experi- 
ments. 

There are other possible explana- 
tions for a low number of surviving 
grafted DA neurons in the present pa- 
tients: First, the caudate nucleus and 
putamen in the patients could provide 
less favorable environments for sur- 
vival and growth of implanted human 
DA neurons than the striata of young 
adult rats used in the xenograft exper- 
iments described earlier. For example, 
this could be related to the age of the 
brains or to the differences in the blood 
supply of the basal ganglia. Second, it 
is possible that the instrument used 
for implantation, with an outer diam- 
eter of 2.5 mm, could have caused too 
much tissue damage in the host stria- 
tum. It is known from rat allograft 
experiments”** that bleeding around 
the implanted tissue at the time of 
transplantation impairs the survival 
of intracerebral neural grafts. In fact, 
the CT scan performed 2 days after 
surgery in patient 2 indicated a small 
hemorrhage at the implantation site in 
the caudate nucleus; this could have 
accelerated any DA cell death after 
grafting. Third, the fetal tissue was 
implanted up to 6 hours after the 
abortions had been carried out. How- 
ever, in one case, we have previously” 
grafted human DA neurons under sim- 
ilar conditions to rats with good re- 
sults. Furthermore, the cell viability of 
the suspensions used here, as esti- 
mated for all cells, was sufficiently 
high immediately before implanta- 
tion. 

Trials with intracerebral implanta- 
tion of ventral mesencephalic tissue 
from aborted human fetuses to the 
basal ganglia of patients with PD are 
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also ongoing in Mexico, England,” 
Cuba (Molina, MD, oral communica- 
tion, 1988), the People’s Republic of 
China (Ding, MD, oral communication, 
1988), Spain,® and the United States 


(Freed, MD, oral communication, No- 
vember 1988). Only very preliminary 


reports from Mexico and England are 
so far available"? and they do not 
contain enough data on the assessment 
of the patients preoperatively and 
postoperatively to allow for a detailed 
comparison with the present study. In 
general, however, these reports have 
described a more pronounced improve- 
ment than was observed in our pa- 
tients. The reported changes are with- 
out laterality and appear within days 
or weeks after transplantation®'* It 
seems difficult, at present, to accept the 
idea that these improvements -arẹ 
caused by a unilateral graft-induced 
dopaminergic reinnervation of the 
caudate nucleus. First, grafted fetal 
human-to-rat DA neurons, from 8- to 
9-week-old fetuses, do not begin to 
send neurites into the host striatum 
and.form synaptic contacts until about 
. 2 to 4 months after transplanta- 
tion. Second, the reported therapeu- 
tic effects have also been obtained by 
grafting tissue from fetuses aged 13 
gestational weeks and older. At least 
in human-to-rat experiments, DA neu- 
rons in dissociated tissue preparations 
from fetuses of these ages show little 
or no survival. A final interpretation of 
the ongoing trials must, therefore, 
await more detailed reporting. 

In conclusion, despite the lack of a 
therapeutically significant improve- 
ment in our patients, the solid animal 
experimental data obtained with DA 
neuron grafting, as well as the small 
positive effects reported here, provide 
a strong rationale to pursue this ap- 
proach. However, it must be un- 
derscored that, at present, neural 
transplantation is an experimental ap- 
proach and not a therapeutic alter- 


native for patients with PD. A number `’ 


of scientific problems must be explored 
in more detail. While this can partly be 
accomplished in animal experiments, 
the further development of a trans- 
plantation therapy for PD also re- 
quires carefully designed additional 
human trials. 
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A Brain Regional Analysis of Morphologic and 
Cholinergic Abnormalities in Alzheimer’s Disease 


George S. Zubenko, MD, PhD; John Moossy, MD; A. Julio Martinez, MD; 
Gutti R. Rao, MD; Ursula Kopp; Israel Hanin, PhD 


@ in the brains of 21 patients with Alz- 
heimer’s disease (AD) and 10 nonde- 
mented controls, senile plaques (SPs), 
neurofibrillary tangles (NFTs), and three 
indexes of cholinergic function were quan- 
tified in the middie frontal (MF) and supe- 
rior temporal (ST) cortex, the entorhinal 
cortex (HEN), and the prosublculum (HPR) 
of the hippocampus. Control brains con- 
tained few SPs without preferential distri- 
bution in any of the brain regions exam- 
ined, while NF Ts were found almost exclu- 
sively in the HPR. In brains from patients 
with AD, an inverse relationship of SPs and 
NFTs was found in the brain regions ex- 
_ amined; SPs were preferentially in the 


neocortex and NFTs preferentially in the ` 


hippocampus. The specific activities of 
choline acetyltransferase and acetylcho- 
linesterase were reduced in all regions 
examined, while no significant change in 
the density of muscarinic binding sites 
was observed in any region. Numerous 
NFTs were associated with an earlier age 
at onset, while the presence of SPs was 
related to the cholinergic deficit in AD. 
Earlier-onset (<67 years) AD was also as- 
sociated with a qualitative difference in 
the regional distribution of NFTs com- 
pared with cases with a later onset. In the 
latter group, most NFTs were observed in 
the hippocampus, a distribution pattern 
similar to that observed with normal aging. 
In AD cases with an earlier onset, NFTs 
were more globally distributed in the neo- 
cortex and allocortex. 
(Arch Neurol. 1989;46:634-638) 
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The morphologic and neurochemical 
alterations that occur in the brains 
of patients with Alzheimer’s disease 


(AD) are both- numerous and complex, 


and the relationships between these 
pathologic changes are poorly under- 
stood. Senile plaques (SPs) and neu- 
rofibrillary tangles (NFTs) are the 
most frequent neuropathologic signs 
of AD, and it is generally agreed that 
SPs, if present in adequate numbers, 
are the more definitive marker for 
AD.” In contrast, NFTs may be found 
in a variety of brain diseases, not all of 
them degenerative in nature,** and the 
relationship of NFTs to SPsin ADisa 
matter of continuing study. Among the 
neurochemical alterations associated 
with AD is the loss of cholinergic pro- 
jections in the cerebral cortex.*’ Sig- 
nificant reductions of choline acetyl- 
transferase (ChAT, EC 2. 3. 1. 6)*3 and 
acetylcholinesterase (AChE, EC 38. 1.1. 
DH! have been consistently observed 
in brain tissue obtained by biopsy or at 
autopsy, along with variable effects on 
the density of muscarinic acetylcho- 
line receptors.21018% 





See also p 639. 





In our previous studies, we tested 
the hypothesis that the brain morpho- 
logic and cholinergic changes that oc- 
cur in AD are bilaterally symmetric at 
autopsy.”’8 In these studies, we quan- 
tified the densities of SPs anc NFTs, 
the specific activities of ChAT and 
AChE, and the density of muscarinic 
receptors in the middle frontal (MF) 
and superior temporal (ST) cortex, the 
entorhinal cortex (HEN) and prosub- 
iculum (HPR) of the hippocampus, and 
the basal nucleus of Meynert. In gen- 
eral, bilateral symmetry of these vari- 
ables was observed with the greatest 
symmetry observed in the neocortex. 
The absence of a significant correla- 
tion of SP and NFT density in any re- 
gion other than the MF suggested that 


their pathogenesis may differ in im- 
portant ways. 

In the current study, we conducted a 
regional analysis of morphologic and 
cholinergic changes in AD, which in- 
cluded two areas of the neocortex (MF 
and ST) and two areas of the allocortex 
(HEN and HPR). A correlative analy- 
sis of morphologic, cholinergic, demo- 
graphic, and clinical variables is also 
presented. 


MATERIALS AND METHODS 
Study Population 


The research subjects were a population 
within the Alzheimer’s Disease Research 
Center of the University of Pittsburgh (Pa). 
We studied the brains of .21 patients (10 
male and 11 female) with neuropathologi- 
cally confirmed AD and 10 control patients 
who had no history of dementia before 
death and no definite neuropathologic di- 
agnosis at autopsy. Demented patients who 
had neuropathologic diagnoses in addition 
to AD (eg, Parkinson’s disease and multiple 
infarcts) were not included. Relevant de- 
mographic and clinical characteristics of 
the subjects are presented in Table 1. The 
sex ratios, mean ages at death, and post- 
mortem intervals of the study groups were 
similar. 


Neuropathology 


All brains were removed and dissected in 
the unfixed state by a neuropathologist, and 
details of tissue sampling, fixation, process- 
ing, staining,and counting of SPs and NFTs 
have been previously described.” Neuro- 
pathologic diagnoses were made according 
to standard criteria.’ The numbers of SPs 
and NFTs were counted separately by two 
neuropathologists (A.J.M. and G.R.R.) in 
five separate but adjacent fields in the four 
cortical areas. The five fields were counted 
at a magnification of X200 between cortical 
layers 2 and 4 in the middle frontal gyrus 
(MF), superior temporal gyrus (ST), the 
entorhinal cortex of the hippocampus 
(HEN), and the prosubiculum of the hip- 
pocampus (HPR). Since the vague anatomic 
boundaries of the basal nucleus of Meynert 
made it difficult to sample reliably, this re- 
gion was not included in the study. The 
fields counted have been illustrated in pho- 
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Table 1.—Demographic and Clinical Characteristics of Subjects * 


Mean {SD} 


aeaaaee tte Rt, 


Sex Ratio, 
N M/F 


Aizheimer’s disease 21 10/11 
Contro's 10 6/4 





Age at 
Death, y 
72.6 (7.8) 
71.5 (17.7) 


Post- 
mortem 
interval, h 
7.6 (6.1) 
6.4 (2.7) 


Duration of 
Dementia 
Symptoms, y 
8.8 (3.1) 


Age at 
Onset, y 
66.1 (8.6) 


*The sex ratio, mean age at death, and mean postmortem interval for the Alzheimer's disease and control 


groups were similar. 


tographs and drawings in previous 
publications.” A third neuropathologist 
(J.M.) separately verified the diagnosis of 
AD in each case, discussed the findings with 
the other neuropathologists, and resolved 
differenezs in the interpretation or counts 
of SPs and NFTs when they occurred. Mean 
SP and NFT counts per X200 field were cal- 
culated for each area by dividing the total 
number cf SPs or NFTs counted by five. Re- 
peated-rater and interrater reliability for 
both SP and NFT counts were high. For 
SPs, the Pearson correlation coefficients for 
repeated-rater and interrater reliability 
were .94 end .97, respectively. For NFTs, the 
Pearson correlation coefficients for re- 
peated-rater and interrater reliability were 
87 and .91, respectively. 


Neurochemistry 


The specific activities of ChAT (EC 2. 3.1. 
6) and AChE (EC 8. 1. 1. 7), and the density 
of muscarinic binding sites were deter- 
mined as previously described.” Brain tis- 
sue samples were homogenized at 4°C in 
nine volumes of 75 mmol/L of phosphate 
buffer at oH 7.4. The resulting homogenates 
were stored at —70°C before use. Enzyme 
activities and muscarinic binding were sta- 
ble under these conditions and were not af- 
fected by medications prescribed before 
death. Choline acetyltransferase activity 
was determined by the rate of synthesis of 
tritiated acetylcholine from (acetyl-triti- 
ated)-coenzyme A and choline by a minor 
modification of the method of Fonnum.” 
Acetylcholinesterase activity was deter- 
mined by the rate of hydrolysis of (acetyl- 
tritiated)}-choline by a modification of the 
method of Johnson and Russell.” The den- 
sity of muscarinic receptors was estimated 
by the specific binding of (tritiated)-quinu- 
clidenyl benzilate as described by Yama- 
mura and Snyder.’ Protein concentration 
was measured with the Bradford method 
using y-globulin as the standard.” Specific 
enzyme activities were calculated from du- 
plicate assays and expressed as nanomoles 
of acetylcholine synthesized or hydrolyzed 
per hour per milligram of protein. Specific 
quinuclidenyl benzilate binding was also 
calculated from duplicate determinations 
and expressed as femtomoles of quinucli- 
denyl benzilate bound per milligram of 
protein. 


Statistical Analysis 


Since the morphologic and cholinergic 
variables measured in this study have pre- 
viously bzen shown to exhibit significant 
bilateral symmetry at autopsy,” values 
for corresponding anatomic regions in the 
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left and right hemisphere were averaged. 
Mean values were compared with the non- 
parametric Mann-Whitney- Wilcoxon rank- 
sum. test, and relationships between vari- 
ables were explored with the Spearman 
ranz correlation coefficient (7,). Adjust- 
ments for multiple comparisons were made 
by the Bonferroni method.” 


RESULTS 


An inverse relationship of the den- 
sities of SPs and NFTs was found 
across the brain regions examined 
from patients with AD (Fig 1), with 
SPs preferentially present in the neo- 
cortex (MF and ST) and NETs prefer- 
entially in the allocortex (HEN and 
HPR). However, none of the 21 cases of 
AD contained SPs without NFTs in the 
neocortex, or NFTs without SPs in the 
allccortex. Densities of both SPs and 
NFTs were more than 10-fold lower in 
the brains of nondemented controls, 
and NFTs were only rarely found out- 
side of the HPR. 

The neurochemical markers of 
cholinergic function in the four brain 
areas differed in the AD and control 
groups (Fig 2). The specific activities of 
ChAT and AChE were significantly 
reduced in all four brain areas from 
patients with AD, consistent with the 
widespread deficits in central cholin- 
ergic function previously reported.” 
Interestingly, the percent reduction in 
ChAT activity appeared to be greater 
in the neocortex than in the allocortex, 
while the inverse was true for AChE 
activity. Muscarinic binding, as mea- 
sured by the density of specific quinu- 


‘clidenyl benzilate binding sites, was 


not significantly affected ir. any of the 
regions analyzed and was therefore 
omitted from subsequent carrelational 
analysis. 


Fig 2.—Histogram shows levels of three 
cholinergic markers in four brain regions from 
patients with Alzheimer’s disease (AD) and 
controls. Mean values are presented with SE 
bars. Comparisons were made with one-tailed 
test of significance. One asterisk indicates 
FP < .05; two asterisks, P < .01; three aster- 
isks, P < .001; QNB, quinuclidenyl benzilate; 
MF, middle frontal cortex; ST, superior tempo- 
ral cortex; HEN, entorhinal cortex; and HPR, 
p-osubiculum of hippocampus. 
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Fig 1.—Histogram shows densities of senile 
plaques and neurofibrillary tangles (counts per 
x200 field) in four brain regions from patients 
with Alzheimer’s disease and nondemented 
controls who had no neuropathologic diagnosis 
at autopsy. Means are presented with SE bars. 
Control group (n = 10) included a brain from a 
patient who was 101 years old at death that 
contained an average of 13 senile plaques in 
middle frontal (MF) cortex and 10.5 senile 
plaques in entorhinal cortex (HEN). These val- 
ues were insufficient for exclusion of this non- 
demented patient from control group according 
to age-corrected consensus criteria for neuro- 
pathologic diagnosis of Alzheimer’s disease.* 
ST indicates superior temporal cortex; HPR, 
prosubiculum of hippocampus. 
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Table 2.—Correlations Among Demographic, Cholinergic, 
and Morphologic Variables in Controls * 


r, (P) 
utente tenement AAAA aaa AAA EANAN AAAA e, 
SPs, NFTs, 
ChAT, AChE, Counts per Counts per 
nmol/h/mg nmol/h/mg x200 Field x200 Field 


Age at death, y l — 17 (.31) — 29 (.08) .26 (.10) .59t (.0003) 


Brain weight, g .28 (.10) ~,02 (.91) 2t 619) —, 46t (.0043) 

SPs, counts per X200 field 03 (.84) .O9 (.59) s% ee 

NFTs, counts per X200 field —, 12 (.48) .04 (.83) l 
* ChAT indicates choline acetyltransferase; AChE, acetylcholinesterase; SPs, senile plaques; and NFTs, 


neurofibrillary tangles. 
tStatistically significant after correction for multiple comparisons by the Bonferroni method. 


NFT/SP Ratio 





54 59 64 69 74 79 84 
Age at Onset, y 


Fig 3.—Scattergram. shows relationship of 
(NFT/SP) ratio and age at onset of dementia. 
Each point summarizes data from single brain. 
Densities of NFTs and SPs in four brain regions 
(middle frontal, superior temporal, and entorhi- 
nal cortices and prosubiculum of hippocam- 
pus) were averaged, and ratio of resulting av- 
erages is shown. Equation of best-fitting line 
was determined by linear regression analysis. 
Spearman correlation coefficient describing 
relationship of NFT/SP ratio and age at onset 
is shown with associated P value. Shaded re- 
gion indicates transition zone between early- 
onset cases with approximately equivalent 


Tabie 3.— Correlations Among Demographic, Clinical, Cholinergic, 
and Morphologic Variables in Alzheimer’s Disease * 


r, (P) 
grammaan aean amamma, 
SPs, NFTs, 
ChAT, AChE, . Counts per Counts per 
. nmol/h/m nmol/h/mg x290 Field X200 Field 


Age at death, y ~.05 (.67) -03 (.80} .03 (.77) —.31+¢ (.005) 


Age at onset, y .00 (1.00) .O3 (.76) 03 76) ~ 36t (007) 

Brain weight, g .O7 = (.55) — 14 (.22) ~~ 37+ (001) —.50t (000) 
~.11 (31) —.11 634) ~.12 (27) ~-.18 (10) 
—.34} (.003) ~~ 24 (.04) 


Postmortem interval, h 





SPs, counts per X200 field 


NFTs, counts per X200 field 01 (94) 





.08 (.49) 


*ChAT indicates choline acetyltransferase; AChE, acetyichclinesterase; SPs, senile plaques; and NFTs, 


neurofibrillary tangles. 


+Statistically significant after correction for multiple comparisons by the Bonferroni method. 
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Fig 4.—Histogram shows densities of senile 
plaques and neurofibrillary tangles (counts per 
X200 field) in four brain regions from patients 
with Alzheimer’s disease who had early (<67 
years old) or late (>67 years old) onset. Means 
are presented with SE bars. Comparisons were 
made with one-tailed test of significance. One 
asterisk indicates P < .05; MF, middle frontal 
cortex; ST, superior temporal cortex; HEN, en- 
torhinal cortex; and HPR, prosubiculum of hip- 
pocampus. 
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Table 4.—Relationships of Density 
of NFTs, SPs, and Their Ratio 
With Age at Onset in 
Alzheimer's Disease * 


n (P) 


Allocortex 
—.26 (.24) 


Neocortex 


NFTs ~~ 53 (,02) 
SPs ~ 08 (.7 1) .07 (.77) 
NFT/SP ratio — 56 (.01) — 54 (.02) 


* NFTs indicates neurofibrillary tangles; SPs, senile 
plaques. 


Correlations among demographic, 
clinical, cholinergic, and morphologic 
variables for the 10 controls are pre- 
sented in Table 2. The density of NFTs 
(range, 0 to 4) was positively correlated 
with age at death and negatively cor- 
related with brain weight. No other 
pairs of variables were significantly 
correlated in the control group. The 
absence of a positive correlation of SP 
density and: age at death of controls 
was not due to a smaller range of val- 
ues (0 to 18) for this variable. The cor- 
responding results for the AD group 
are presented in Table 3. In'contrast to 
the findings for the control group, the 
density of NFTs was negatively corre- 
lated with both age at death and age at 





densities of NFTs and SPs, and liater-onset 
cases with excess of SPs over NFTs. 


symptomatic onset. The density of 
SPs, but not NFTs, was negatively 
correlated with ChAT activity. Thus, a 
higher density of NFTs appeared to be 
associated with an earlier age at onset, 
while the formation of SPs was related 
to the cholinergic deficit in AD. Both 
NFT and SP densities were negatively 
correlated with brain weight; neither 
was significantly correlated with the 
duration of illness. 

A further analysis of the relation- 
ship of the density of the morphologic 
markers to age at onset is presented in 
Table 4. The correlation of NFT den- 
sity with age at onset (Table 3) results 
largely from the positive correlation of 
these variables in the neocortex. Since 
cases of AD with SPs only in the neo- 
cortex have been reported to have a 
later onset on average,’ we also further 
examined the relationship of SP den- 
sity in particular regions to age at on- 
set. Although no significant correla- 
tions of these variables emerged, the 
inclusion of SP density in the NFT/SP 
ratio produced a variable that was sig- 
nificantly correlated with age at onset 
when morphometric data from the al- 
locortex, as well as neocortex, were 
considered. Densities of NFTs and SPs 
in the four brain regions were aver- 
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aged, and the NFT/SP ratio of the re- 
sulting averages is shown in Fig 3 asa 
function of age at onset. A dichotomy 
of earlier- and later-onset cases was 
suggested by the clustering of earlier- 
onset cases with an NFT/SP ratio near 
unity, while cases with a later onset of 
symptoms had NFT/SP ratios less 
than unity. 

In view of the preferential distribu- 
tion of SPs in the neocortex and NFTs 
in the allocortex (Fig 1), the higher 
NFT/SP ratio of the earlier-onset 
cases of AD suggested that the re- 
gional distribution of SPs and NFTs in 
this group might exhibit less marked 
regional differences in the densities of 
NFTs and SPs. To investigate this 
possibility, the AD cases were strati- 
fied by age at onset (<67 years, as 
suggested by Fig 3), and the mean 
densities of SPs and NFTs are shown 
across the four regions examined (Fig 
4). While the regional distribution of 
SPs was similar in the earlier- and 
later-onset groups, NFTs were signif- 
icantly more common in the neocorti- 
cal areas (MF and ST) and the HEN of 
patients who were younger than 67 
years old at the time of symptomatic 


onset. Thus, an earlier age at onset of: 


dementia was associated not only with 
a higher average density of NFTs, but 
also with a more generalized distribu- 
tion of NFTs across the cerebral cor- 
tex. This stratification by age at onset 
was not associated with a significant 
difference in the mean ChAT or AChE 
activities, although trends toward a 
greater cholinergic deficit in the earli- 
er-onset group were noticed in the 
frontal cortex (data not shown). 


COMMENT 


Our regional analysis of central 
morphologic changes in AD revealed 
an inverse relationship of the densities 
of NFTs and SPs in the cerebral cortex, 
with SPs found preferentially in the 
neocort2x and NFTs found preferen- 
tially in the allocortex. While the 
brains from patients who were not de- 
mented before death contained many 
fewer NFTs and SPs on average than 
those with AD, the pattern of prefer- 
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ent.al formation of NFTs within the 
allccortex (especially the HPR region) 
was also noticed in the control group. 
Even after excluding the case with an 
atydically high density of SPs, the 
density of SPs did not appear to differ 
significantly across the four regions 
anglyzed from the control group. 
Therefore, in addition to an increase in 
the average density of NFTs and SPs 
observed in control brains, AD is asso- 
ciated with a qualitative alteration in 
the distribution of SPs that favors the 
neccortex (especially the MF region). 

Terry and coworkers’ found that 
30% of their 60 autopsy cases of AD 
(patients aged at least 75 years at the 
time of death) had SPs without NFTs 
in the neocortex, while none of their 36 
cases of AD (patients who died at 
younger ages) met this criterion. These 
investigators also noted that. even 
wh2n NFTs were absent from the neo- 
cortex, they were observable in signif- 
icant numbers in the hippocampus. 
Their results are consistent with the 
significant negative correlation of 
NFT density and NFT/SP ratio with 
age at onset of dementia, and age at 
deeth, that we observed in our autopsy 
series. While none of our patients had 
SPs without coexisting NFTs in the 
neccortex, only 10 of our patients had 
reached 75 years of age at the time of 
deeth. This last point emphasizes the 
importance of employing age at onset 
as a covariate when comparing the re- 
sults of different studies of AD. Most 
Alsheimer Disease Research Centers, 
by their nature as ambulatory set- 
tinzs, will study patients with AD who 
have ages at onset significantly below 
the average age at onset of patients 
with AD, which has been estimated at 
between 73 and 88 years.” 

The densities of NFTs and SPs were 
discordant in their associations with 
other clinical and neurochemical vari- 
ab.es. Higher densities of NFTs, but 
noz SPs, were associated with an ear- 
lier onset of symptoms, while higher 
densities of SPs, but not NFTs, were 
associated with greater cholinergic 
de-icits in the same region. These find- 
ings support our previous findings that 


References 


4. Wisniewski K, Jervis GA, Moretz RC, 


Wisniewski HM. Alzheimer neurofibrillary tan- 
gles in diseases other than senil2 and presenile 
dementia. Ann Neurol. 1979;5:288-294. 

5. Halper J, Scheithauer BW, Okazaki H, Laws 
ER Jr. Meningio-angromatosis: a report of six 
cases with special reference to the occurrence of 
neurofibrillary tangles. J Neuropathol Exp Neu- 
rol. 1986;45:426-446. 

€ Perry EK, Perry RH. The cholinergic system 
in Alzheimer’s disease. In: Roberts PJ, ed. Bio- 
chemistry of Dementia. New York, NY: John 


the pathogenetic events that lead to 
the formation of NFTs and SPs are not 
entirely overlapping.” Although the 
correlation coefficients describing 
these relationships across the four 
brain areas reached statistical signif- 
icance, their magnitudes were modest. 
However, the correlation of NFT den- 
sity with age at onset reached —.53 
within the neocortex, and the correla- 
tion of the NFT/SP ratio with this 
clinical variable was between —.5 and 
—.6 in both the neocortex and allocor- 
tex. 

An earlier age at onset of dementia 
(<67 years) was also associated with a 
more generalized distribution of NFTs 
across the cerebral cortex than cases 
with a later onset. In contrast, NFTs in 
the later-onset group were largely re- 
stricted to the HPR, as was seen in the 
control group. A similar qualitative 
distinction between early- and late- 
onset AD has been described with re- 
‘spect to neuronal loss and several neu- 
rochemical deficits.***’ However, age at 
death (cutoff, 79 years) rather than age 
at onset was used in the previous 
studies to define early and late onset, 
presumably because reliable-estimates 
of age at onset were unavailable. While 
age at onset and age at death were 
highly correlated (r, = .92, P < .000) in 
our autopsy series, the cutoff that we 
employed for early onset is likely to be 
5 to 10 years earlier than that em- 
ployed in the previous studies. In sum- 
mary, age at symptomatic onset ap- 
pears to be an important clinical vari- 
able that accounts at least for some of 
the biologic heterogeneity among pa- 
tients with AD, although stratifica- 
tion by a single age at onset alone does 
not appear to separate this syndrome 
sharply into distinct subgroups. 


-This research was supported by center grants 
AG05133 and MH80915, program grant AG03705, 
research grant MH43261, and by the Pathology 
Education and Research Foundation of the De- 
partment of Pathology, University of Pittsburgh 
(Pa) School of Medicine. Dr Zubenko was the re- 
cipient of Research Scientist Development Award 
MH00540 from the National Institute of Menta] 
Health, Bethesda, Md. 


Wiley & Sons Inc; 1980:135-183. 

7. Candy JM, Perry EK, Perry RH, Court JA, 
Oakley AE, Edwardson JA.The current status of 
the cortical cholinergic system in Alzheimer’s 
disease and Parkinson’s disease. In: Swabb DF, 
Fliers E, Mirmiran M, Van Gool WA, Van Haaren 
F, eds. Progress in Brain Research. New York, 
NY: Elsevier Science Publishing Co Inc; 1986:105- 
132. 

8. Davis P, Maloney AJ. Selective loss of cholin- 
ergic neurons in Alzheimer’s disease. Lancet. 
1976;2:1408. 


Brain Regional Analysis—Zubenko et al 637 


9. Perry EK, Gibson PH, Blessed G, Perry RH, 
Tomlinson BE. Neurotransmitter enzyme abnor- 
malities in senile dementia. J Neurol Sci. 1977; 
04:247-265. 

10. White P, Hiley CR, Goodhardt MJ, 
Carrasco LH, Keet JP, Williams CEI, Bowen DM. 
Neocortical cholinergic neurons in elderly people. 
Lancet. 1977;1:668-670. 

11. Bowen DM, Benton JS, Spillane JA, Smith 
CC, Allen SJ. Choline acetyltransferase activity 
and histopathology of frontal neocortex from bi- 
opsies of demented patients. J Neurol Sci. 
1982;57:407-417. 

12. Wilcock GK, Esiri MM, Bowen DM, Smith 
CC. Alzheimer’s disease: correlation of cortical 
choline acetyltransferase activity with the sever- 
ity of dementia and histological abnormalities. 
J Neurol Sct. 1982;57:407-417. 

18. Bird TD, Stranahan BS, Sumi SM, Raskind 
M. Alzheimer’s disease: choline acetyltransferase 
activity in brain tissue from clinical and patho- 
logical subgroups. Ann Neurol. 1985;14:284-293. 

14. Pope A, Hess HH, Lewin E. Studies on the 
microchemical pathology of human cerebral cor- 
tex. In: Cohen MM, Snider RS, eds. Morphological 
and Biochemical Correlates of Neural Activity. 
New York, NY: Harper & Row Publishers Inc; 
1964:98-111. 

15. Perry EK, Tomlinson BE, Blessed G, Berg- 
mann K, Gibson PH, Perry RH. Correlations of 
cholinergic abnormalities with senile plaques and 
mental test scores in senile dementia. Br Med J 
Clin Res. 1978;2:1427-1429, 

16. Davies P. Neurotransmitter related en- 
zymes in senile dementia of the Alzheimer’s type. 
Brain Res. 1979;171:319-327. 

17. Bowen DM, White P, Spillane JA, et al. Ac- 
celerated aging or selected neuron loss as an im- 
portant cause of dementia? Lancet. 1979;1:1-14: 


638 Arch Neurol-—~Vol 46, June 1989 


18. Davies P, Verth AH. Regional distribution 
of muscarinic acetyicholine receptors in normal 
and Alzheimer’s type dementia brains. Brain Res. 
1977;188:385-392. 

19, Reisine TD, Yamamura HI, Bird ED, 
Spokes E, Enna SJ. Pre- and postsynaptic neuro- 
chemical alterations in Alzheimer’s disease. 
Brain Res. 1978;159:477-481. 

20. Palacios JM. Autoradiographic localization 
of muscarinic cholinergic receptors in the hippo- 
campus of patients with senile dementia. Brain 
Res. 1982;243:173-175. 

21. Nordberg A, Larsson C, Adolfsson RA, 
Alafuzoff I, Winblad B. Muscarinic receptor com- 
pensation in hippocampus of Alzheimer pazients. 
J Neural Transmission. 1988;56:18-19. 

22. Wood PL, Etienne P, Lal S, et al. A post- 
mortem comparison of the cortical cholinergic 
system in Alzheimer’s disease and Pick’s disease. 
J Neurol Sci, 1983;62:211-217. 

23. Rinne JO, Laakso K, Lonnberg P, et al. 
Brain muscarinic receptors in senile dementia. 
Brain Res. 1985;336:19-25. 

24. Reinkainen KJ, Reinkkinen PJ, Halonen T, 
Laakso M. Decreased muscarinic receptor binding 
in cerebral cortex and hippocampus in Alzhe- 
imer’s disease. Life Sci. 1987;41:453-461. 

25. Whitehouse PJ, Au KS. Cholinergie recep- 
tors in aging and Alzheimer’s disease. Prog Neu- 
ropsychopharmacol Biol Psychiatry. 1986;1'3:665- 
676. 

26. Whitehouse PJ. Neurotransmitter receptor 
alterations in Alzheimer’s disease: a review. 
Alzheimer Dis Assoc Disord. 1987;1:9-18. 

27. Moossy J, Zubenko GS, Martinez AJ, Rao 
GR. Bilateral symmetry of morphologic lesions in 
Alzheimer’s disease. Arch Neurol. 1988;45:251- 
254. 
28. Zubenko GS, Moossy J, Hanin I, Martinez 


AJ, Rao GR, Kopp U. Bilateral symmetry of 
cholinergic deficits in Alzheimer’s disease. Arch 
Neurol. 1988;45:255-259. 

29. Fonnum F. Radiochemical microassays for 
the determination of choline acetyltransferase 
and acetylcholinesterase activity. Biochem J. 
1969;115:465-472, 

30. Johnson D, Russell R. A rapid, simple radi- 
ometric assay for cholinesterase, suitable for 
multiple determinations. Anal Biochem. 1975; 
64:229-238. 

31. Yamamura H, Synder S. Muscarinic cholin- 
ergic binding in rat brain. Proce Natl Acad Sci 
USA, 1974;71:1725-1729. 

82. Bradford MM. A rapid and sensitive 
method for the quantitation of microgram quan- 
tities of protein utilizing the principle of protein- 
dye binding. Anal Biochem. 1976;72:248-254. 

33. Snedecor GW, Cochran WG. Statistical 
Methods. Ames, Iowa: Iowa State University 
Press; 1980. 

34. Larrson T, Sjogren T, Jacobson G. A clini- 
cal, sociomedical, and zenetic study. Acta Psychi- 
air Scand. 1963;39(supp] 167):1-259. 

35. Breitner JCS, Folstein MF, Murphy EA. 
Familial aggregation in Alzheimer dementia, I: a 
model for the age-dependent expression of an au- 
tosomal dominant gene. J Psychiatr Res. 1986; 
20:31-43. 

36. Rossor MN, Iverson LL, Reynolds GP, 
Mountjoy CQ, Roth M. Neurochemical character- 
istics of early- and late-onset types of Alzheimer’s 
disease. Br Med J Clin Res. 1984;288:961-964. 

37. Roth M. The association of clinical and 
neurological findings and its bearing on the clas- 
sification and aetiology of Alzheimer’s disease. Br 
Med Bull. 1986;42:42-50. 


Brain Regional Analysis—Zubenko et al 


Lateralization of Brain Morphologic and 


Cholinergic Abnormalities in Alzheimer’s Disease 


John Moossy, MD; George S. Zubenko, MD, PhD; A. Julio Martinez, MD; 
Gutti R. Rao, MD; Ursula Kopp; Israel Hanin, PhD 


è The extent of left-right asymmetry in 
the densities of senile plaques and neu- 
rofibrillary tangles and the levels of the 
cholinergi¢ enzymes choline acetyitrans- 
ferase and acetyicholinesterase were 
quantified in the middie frontal and supe- 
rior temporal cerebral cortex, entorhinal 
cortex, and prosubiculum of the hippo- 
campus from 21 patients who died with 
Alzheimer's disease. Morphologic lesions 
were more asymmetrically distributed 
than deficits in the cholinergic enzymes. 
Neither cerebral hemisphere showed con- 
sistently higher densities of senile plaques 
and neurotibrillary tangles, or lower levels 
of choline acetylitransferase and acetyl- 


cholinesterase. Deficits in the cholinergic ‘ 


enzymes tended to colateralize, while 
asymmetries of senile plaques and neu- 
rofibrillary tangles did not. Finally, left- 
right asymmetry in the density of senile 
plaques diminished with increasing neuro- 
pathologic severity, while similar evidence 
for diminishing left-right asymmetry of 
neurofibrillary tangle density or cholin- 
ergic enzyme activity with Increasing se- 
verity was not found. 
(Arch. Neurol. 1989;46:639-642) 
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| Azheimer’s disease (AD) is usually 


described as a disorcer associ- 
ated with diffuse atrophy of the cere- 
bral cortex! yet, focal and multifocal 
signs and symptoms are not uncom- 
mon in patients with AD.’ Reports of 
left-right (L-R) asymmetries in the 
density of morphologic lesions,’ neu- 
rochemical deficits,’ glucose 
metabolism,” and cognitive 
functions*”""” also seem to be discrep- 
ant with the view of AD as a diffuse 
cortical disorder. 





See also p 634. 





In previous studies, we tested the 
hypothesis that the densities of senile 
plaques (SPs) and neurofibrillary tan- 
gles (NFTs), the histologic hallmarks 
of AD, and the levels of three indexes 
of cholinergic function, choline acetyl- 
transferase (ChAT), acetylcholines- 
terase (AChE), and muscarinic bind- 
ing, were symmetrically distributed 
between the cerebral hemispheres.“ 
In those studies employing four corti- 
cal regions and the basal nucleus of 
Meynert from 16 brains, bilateral sym- 
metry was the rule. However, signifi- 
cant numbers of L-R asymmetries in 
the numbers of morphologic lesions 
and the levels of cholinergic enzymes 
in corresponding regions were ob- 
served. We have recently begun to 
characterize the extent of lateraliza- 
tion of morphologic and neurochemi- 
cal abnormalities and to explore the 
clinical correlates of L-R asymmetries 
in these variables. 

In the current study, we have quan- 
tified the extent of L-R asymmetry in 
the densities of SPs and NFTs and the 


levels of ChAT and AChE in the mid- 
dle frontal (MF) and superior tempo- 
ral (ST) cortex, the entorhinal cortex 
(HEN), and prosubiculum (HPR) of 
the hippocampus from 21 patients who 
died with AD. We also examined 
whether L-R asymmetries in any of 
these variables favored a particular 
hemisphere, whether morphologic or 
cholinergic abnormalities colateral- 
ized, and the hypothesis that L-R 
asymmetry decreases with disease 
progression so that at the time of 
death the lesions (SPs and NFTs) are 
largely bilaterally symmetric. 


MATERIALS AND METHODS 
Study Population 


The research subjects were a population 
within the Alzheimer’s Disease Research 
Center of the University of Pittsburgh (Pa). 
We studied the brains of 21 patients (10 
male and 11 female) with neuropathologi- 
cally confirmed AD. The mean age at onset 
of symptoms was 66.1 years (SD, 8.6 years), 
the mean age at death was 72.6 years (SD, 
7.8 years), the mean duration of illness was 
6.6 years (SD, 3.1 years), and the mean 
postmortem interval was 7.6 hours (SD, 6.1 
hours). Demented patients who had neuro- 
pathologic diagnoses in addition to. AD (eg, 
Parkinson’s disease and multiple infarcts) 
were not included. 


Neuropathology 


All brains were removed and dissected in 
the unfixed state by a neuropathologist, and 
details of tissue sampling, fixation, process- 
ing, staining, and counting of SPsand NFTs 
have been previously described. Neuro- 
pathologic diagnoses were made according 
to standard criteria.** The numbers of SPs 
and NFTs were counted separately by two 
neuropathologists (A.J.M. and G.R.R.) in 
five separate but adjacent fields in the four 
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cortical areas. The five fields were counted 
at a magnification of X200 between cortical 
layers 2 and 4 in the middle frontal gyrus 
(MF), superior temporal gyrus (ST), en- 
torhinal cortex of the hippocampus (HEN), 
and prosubiculum of the hippocampus 
(HPR). Since the vague anatomic bound- 
aries of the basal nucleus of Meynert made 
it difficult to sample reliably, this region 
was not included in the study. The fields 
counted have been illustrated in photo- 
graphs and drawings in previous 
publications."*4 A third neuropathologist 
(J.M.) separately verified the diagnosis of 
AD in each case, discussed the findings with 
the other neuropathologists, and resolved 
differences in the interpretation or counts 
of SPs and NFTs when they occurred. The 
mean SP and NFT counts per X200 field 
were calculated for each area by dividing 
the total number of SPs or NFTs counted by 
five. Repeated-rater and interrater reliabil- 
ity for both SP and NFT counts were high. 
For SPs, the Pearson correlation coeffi- 
cients for repeated-rater and interrater re- 
liability were .94 and .97, respectively. For 
NFTs, the Pearson correlation coefficients 
for repeated-rater and interrater reliabil- 
ity were .87 and .91, respectively. 


Neurochemistry 


The specific activities of ChAT (EC 2. 3.1. 
6) and AChE (EC 8. 1.1. 7) were determined 
as previously described." Brain tissue sam- 
ples were homogenized at 4°C in nine vol- 
umes of 75 mmol/L of phosphate buffer at 
pH 7.4. The resulting homogenates were 
stored at —70°C before use. Enzyme activ- 
ities were stable under these conditions and 
were not affected by medications prescribed 
before death. Choline acetyltransferase ac- 
tivity was determined by the rate of syn- 
thesis of tritiated acetylcholine from 
(acetyl-tritiated)-coenzyme A and choline 
by a minor modification of the method of 
Fonnum.'* Acetylcholinesterase activity 
was determined by the rate of hydrolysis of 
(acetyl-tritiated)-choline by a modification 
of the method of Johnson and Russell.” 
Protein concentration was measured with 
the Bradford method using y-globulin as 
the standard. Specific enzyme activities 
were calculated from duplicate assays and 
expressed as nanomoles of acetylcholine 
synthesized or hydrolyzed per hour per 
milligram of protein. 


Statistical Analysis 


The degree of lateralization, or L-R 
asymmetry, of each morphologic or cholin- 
ergic variable describing a particular ana- 
tomic region was expressed as the ratio of 
the higher value to the lower value. In this 
way, larger lateralization ratios corre- 
sponded to greater L-R asymmetry, regard- 
less of the side that was favored. To assess 
the colateralization of particular variables, 
L-R ratios were chosen as a convention. A 
value of one was substituted for zero in any 
ratio whose denominator was zero, to avoid 
selective exclusion of cases of L-R asymme- 
try. This was a conservative practice since 
ratios of infinity were reduced to the value 
of the numerator (nonzero member of the 
L-R pair): 
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Fig 1.—Frequency histogram of lateralization (high/low) ratios for senile plaques (SPs), 
neurofibrillary tangles (NFTs), choline acetyltransferase (ChAT), and acetylcholinesterase (AChE) 
in four brain regions from 21 patients w.th AD (n = 84). Brain areas included middle frontal (MF) 
and superior temporal (ST) cortex, as well as entorhinal cortex (HEN) and prosubiculum (HPR) of 


hippocampus. 


Mean values were compared using the 
Mann-Whitney-Wilcoxon rank-sum test, 
and relationships between pairs of contin- 
uous variables were explored with the 
Spearman rank correlation coefficient. 
When multiple comparisons were made, 
corrections of P values required for rejec- 
tion of the null hypothesis were performed 
by the Bonferroni method.” Proportions of 
asymmetries that favored the left o> right 
hemisphere were compared using the x? 
statistic. 


RESULTS 


A frequency histogram of the later- 
alization (high/low) ratios for SPs, 
NFTs, ChAT, and AChE in the four 
brain regions is presented in Fig 1. Ta- 
ble 1 lists the values of these ratios 
that. correspond to the 25th through 
95th percentiles for each morphologic 
and cholinergic variable. It is apparent 
from both Fig 1 and Table 1 that SPs 
and NFTs were similar in their range 
of L-R asymmetry, as were ChAT and 


AChE. However, the morphologic 
variables exhibited a greater degree of 
L-R asymmetry than did the cholin- 
ergic variables. 

The distributions of instances of L- 
Rasymmetry of SPs, NFTs, ChAT, and 
AChE is presented in Table 2 accord- 
ing to the hemisphere showing the 
greater effect. For both the morpho- 
logic, as well as the cholinergic, vari- 
ables, the proportions of regions show- 
ing a greater effect in the right hemi- 
sphere was similar to the proportion 
showing a greater effect in the left 
hemisphere. Therefore, to the extent 
that lateralization of these variables 
occurred, neither hemisphere was fa- 
vored. 

The extent to which the morphologic 
and cholinergic abnormalities exhib- 
ited colateralization is explored in Ta- 
ble 3. The L-R ratios (L/R) of SPs and 
NFTs were not correlated with each 
other, or either of the cholinergic vari- 
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Table 1.—Lateralization Ratios 
(High/Low) of Morphologic and 
Cholinergic Variables Corresponding 
to Particular Percentiles * 


Ratio 
LCR CN 
Percentile SPs NFTs ChAT AChE 





"SPs indicates senile plaques; NFTs, neurofibril- 
lary tangles; ChAT, choline acetyltransferase; and 
AChE, acetylcholinesterase. 


ables. In contrast, the L-R ratios of 
ChAT and AChE were positively cor- 
related. Therefore, L-R asymmetries 
in ChAT activity were associated with 
lateralization of AChE activity favor- 
ing the same hemisphere. 

The relationship of lateralization of 
the morphologic and cholinergic ab- 
normalities to age at symptomatic on- 
set, duration of illness, age at death, 
postmorzem interval, and brain weight 
was explored. In no case was the later- 
alization ratio (high/low) for the mor- 
phologic or cholinergic abnormalities 
significantly correlated with any of 
these clinical variables. 

We also tested the hypothesis that 
lateralization of pathologic changes in 
the brains of patients with AD be- 
comes progressively less common with 
progression of the disease. Since all of 
our subjects with AD had profound 
dementia at the time of death, clinical 
variables were not useful indicators of 
the stage of progression or severity in 
this analysis. Instead, the sum of the 
values of the morphologic or cholin- 
ergic variables (corresponding to the 
numerator and denominator of each 
lateralization ratio) served as an index 
of severity. A significant negative cor- 
relation between the lateralization ra- 
tio (high/low) and the corresponding 
L-R sum would be expected if L-R 
asymmetries decreased with increas- 
ing pathologic change. Such a negative 
correlation was found only for SPs 
(r, = —.37, P<.001), not for NFTs, 
ChAT, or AChE. A seattergram show- 
ing the relationship of the lateraliza- 
tion, ratio (high/low), and L-R sum for 
SPs is presented in Fig 2. 


COMMENT 


Our results’ indicate that the mor- 
phologiec lesions, SPs and NFTs, were 
more asymmetrically distributed than 
the levels of the cholinergic enzymes, 
ChAT and AChE. The percentiles de- 
scribing these distributions will be 
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Table 2.—-Distribution of Regions by Hemisphere Showing Greater Effect * 


SPs 44 6 50 0.317 57 


NFTs 39 12 49 0.865 35 


ChAT 53 0 47 0.205 65 


AChE 43 3 54 1.089 .30 


* Percentage of regions (n = 21 b-ains X 4 regions = 84) showing greater value of variable in left (L) or right 
(R) hemisphere. Inequalities of the proportion of L greater than R and L less than R cases were tested with the 
x? statistic with 1 of. No significant differences emerged for any of the variables tested. SPs indicates senile 
plaques; NFTs, neurofibrillary tangles; ChAT, choline acetyltransferase; and AChE, acetyicholinesterase. 





Table 3.——-Correlation Matrix for L-R Ratios of SPs, NFTs, ChAT, and AChE* 


Statistic SPs NFTs ChAT AChE 





*L-R indicates left-right; SPs, senile plaques; NFTs, neurofibrillary tangles; ChAT, choline acetyltransferase; 
and AChE, acetylcholinesterase. 
tStatistically significant after correction for multiple comparison. 


Senile Plaques 
O MF 
O ST 


A HEN 
v HPR 


Left-Right Ratio, High/Low 


40 60 


Left-Right Sum . 


Fig 2.—Scattergram shows relaticnship of lateralization (high/low) ratios of senile plaques to 
corresponding numbers of senile plaques in each brain region (left-right sum). These variables 
were negatively correlated (r, = —.37, P < .001) across four brain regions. This relationship was 
also ofserved with four regions as shown. MF indicates middle frontal cortex; ST, superior tem- 
poral cortex; HEN, entorhinal cortex; and HPR, prosubiculum of hippocampus. ; 


Lateralization—Moossy et al 641 


used in future studies that will address 
the antemortem clinical correlates of 
L-R asymmetries of morphologic le- 
sions and cholinergic deficits in AD. 
Our findings do not provide evidence in 
support of preferential involvement of 
either hemisphere in those instances 
where L-R asymmetries of morpho- 
logic or cholinergic variables were ob- 
served. Neither hemisphere consis- 
tently showed greater numbers of SPs 
-or NFTs or lower activities of ChAT or 

AChE. Therefore, our results do not 
support previous suggestions that the 
left hemisphere may be preferentially 
affected in AD" 

To the extent that L-R asymmetries 
of ChAT and AChE were observed, 
deficits in these cholinergic markers 
tended to colateralize. The modest 
magnitude of the correlation coeffi- 
cient describing the degree of colater- 
alization of these two variables may 
underestimate this association, since 
the extent of L-R asymmetry of ChAT 
and AChE activities was small. De- 
spite larger degrees of L-R asymmetry 
in the morphologic variables, evidence 
of colateralization of SPs and NFTs 
was not detected. We have previously 
reported the lack of significant corre- 
lations of SP and NFT density in most 


cortical regions,” the differential dis-. 
tribution of these lesions across brain- ` 


regions,” and the differentia! relation- 
ships of these lesions to clinical and 
cholinergic variables in AD,” To- 
gether, these findings provide increas- 
ing evidence of a separate pathogene- 
sis of SPs and NFTs in AD. 


Evidence of decreasing L-R asym- 


metry with increasing severity was 
observed only for SPs. In contrast to 
SPs, higher densities of NFTs were as- 
sociated with an earlier symptomatic 
age at onset in our autopsy series. This 
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negative correlation of NFT density. 


and age at onset may have resulted in 
a threshold effect that confounded any 
relationship between hemispheric 
asymmetry of NFTs and severity. Sim- 
ilarly, such a relationship for the 
cholinergic enzymes may have been 
obscured by their high degree of bilat- 
eral symmetry at all ranges of severity 
represented in our autopsy series. 
These considerations illustrate the 
merits, as well as some of the limita- 
tions, inherent in the use of autopsy 
material to study the extent of L-R 
asymmetries in morphologic and neu- 
rochemical changes in AD. 


This research was supported by center grants 
AG05133 and MH30915, program grant AGN3705, 
and research grant MH48261, and by the Pathol- 
ogy Education and Research Foundation of the 
Department of Pathology, University of Pitts- 
burgh (Pa) School of Medicine. Dr Zubenko was 
the recipient of Research Scientist Development 
Award MH00540 from the National Institute of 
Mental Health, Bethesda, Md. 
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è The reliability of the clinical diagnosis 
of dementia was estimated by comparing 
the diagnosis made at 1-year intervals on 
55 consecutive subjects with suspected 
cognitive impairment seen at three differ- 
ent centers by neurologists and gerontol- 
ogists. The diagnosis was based on his- 
tory and clinical examination, the criteria 
of the Diagnostic and Statistical Manual of 
Mental Disorders (revised ed 3), the Mod- 
ified Ischemic Score, and a computed to- 
mographic scan. Fifty-two of 55 subjects 
were given the same diagnosis a year later 
indicating a reliability of 95%. The study 
shows that a diagnosis of dementia estab- 
lished by simple clinical criteria compara- 
ble to the NINCDS/ADRDA criteria affords 
sufficient reliability to allow the compara- 
bility of groups at different centers for 
purposes of research, including research 
on the evaluation of the efficacy of phar- 
macologic treatment. 

(Arch Neurol. 1989;46:646-648) 


he accuracy of the diagnosis of de- 

mentia is of critical importance for 
several reasons. First of all, in their 
everyday practice, clinicians need to be 
able to reach such a diagnosis with a 
high degree of confidence because 
false-negative and false-positive er- 
rors may have dramatic consequences 
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for the patients and their families. 
Second, without an accurate means of 
diagnosis, it is difficult to compare the 
results of research involving different 
patients, especially if they are from 
different centers. And finally, the eval- 
uation of the efficacy of drugs proposed 
for treatment or prevention of de- 
menting illness is difficult unless one is 
aware of the accuracy of the diagnosis 
of the patients included in the groups 
that are tested.’ 

In recent years, several attempts 
have been made to improve the accu- 
racy of the diagnosis of dementia. In 
1983, the Diagnostic and Statistical 
Manual of Mental Disorders (DSM- 
IIT? of the American Psychiatric As- 
sociation established a series of crite- 
ria to be used for the definition of the 
term “dementia” as well as for the dif- 
ferentiation of some of the best known 
types of dementia. One year later, a 
task force that was convened under the 
auspices of the National Institute of 
Neurological and Communicative Dis- 
orders and Stroke (part of the National 
Institutes of Health) and the Alz- 
heimer’s Disease and Related Disor- 
ders Association (NINCDS/ADRDA) 
also defined a set of criteria to be used 
for the diagnosis of definite, probable, 
and possible Alzheimer’s disease 
(AD). 

Several articles published in the 
past few years have addressed the 
issue of the validity of the diagnosis in 
patients with dementia. Most of these 
studies have consisted of clinicopatho- 
logic reports. Two recent small series** 
have reported 100% accuracy of diag- 
nosis in AD following NINCDS/ 
ADRDA criteria.’ A larger series‘ has 
shown an 80% accuracy rate, a figure 
consistent with most published re- 


ports that indicate between 50% and 
80% agreement between clinical diag- 
nosis and pathologic findings. 

Other studies have used longitudinal 
follow-up as a way of evaluating the 
accuracy of the diagnosis of dementia. 
Marsden and Harrison’ have studied 
retrospectively the evolution of pa- 
tients diagnosed as having dementia 
and found that 1 year after the initial 
diagnosis of dementia, 84 (79% ) of 106 
patients were confirmed to have intel- 
lectual impairment or loss of learning 
and memory function, or both. Huff et 
alë used the cognitive deficits detected 
by neuropsychological tests to evalu- 
ate the clinical diagnosis of probable 
AD using NINCDS/ADRDA criteria 
and concluded that at 1-year follow-up, 
these criteria have a sensitivity of 
100% and a specificity of 89%. 

In the present research, we intended 
to study the reliability of the clinical 
diagnosis established by clinicians in 
patients over a l-year period seen at 
three different medical centers in 
France. Our purpose was to validate a 
group of simple clinical criteria for the 
diagnosis of dementia in patients seen 
in different centers and to assess the 
intrarater reliability as far as diagno- 
sis was concerned. It was hypothesized 
that those criteria would lead to a de- 
gree of accuracy that would be suffi- 
cient to allow the selection of reason- 
ably homogeneous groups for research 
and therapeutic purpose. 


PATIENTS, MATERIALS, AND METHODS 


This multicenter study was based on the 
collaboration of teams located in three dif- 
ferent teaching hospitals (one neurology 
service in Bordeaux, France, and two ger- 
ontology services in Grenoble and Paris, 
France) and of one industrial team (the 


Diagnosis of Dementia—Forette et al 












Diagnosis 


Mild dementia and depression 


|: Cognitive functioning 


ll: Relationship with environment 









lil: Apathy 


IV: Affect 





V: Semantic functions 


Table 1.—Diagnosis Reached in the 55 Subjects 
at First Visit (Year 1) and at the Follow-up Visit (Year 2) 


Year 1, No. (%) 


Mild dementia 27 (49) 12 (22) 


Table 2.—SCAG Scores on First Visit and at 1-Year Follow-up * 


Factor First Visit Second Visit 


















Year 2. No. (%) 






1 (2) O (0) 

















17.7 + 3.4 20.4 + 4.6 











12.3 + 4.5 
P=NS 
17.6 + 4.9 
P= .0005 
10.6 + 3.4 
P=NS 
8.3 + 3.2 
P=NS 





11.3 + 4.5 











14.6 + 4.4 












10.9 + 3.3 










8.1 + 3.1 





* SCAG indicates Sandoz Clinical Assessment Geriatric; and NS, not significant. 


Sandoz Laboratory, Rueil Malmaison, 
France). 

The sample consisted of 60 consecutive 
ambulatory patients (20 from each center) 
who were consulting for problems of mem- 
ory impairment or other symptoms of in- 
tellectual deterioration. Five of those were 
eliminated either because no computed to- 
mographic scan was available (3 patients) 
or because they did not complete the follow- 
up visit (2 patients). Of the remaining 55 
patients 38 were women and 17 were men. 
Their average age (+SD) was 74.4 + 8.2 
years (range, 58 to 90 years). They all had 
completed at least 6 years of schooling. 


Diagnostic Criteria 


The physicians participating in the study 
were instructed to use the following criteria 
for their diagnosis: (1) Results of the his- 
tory and clinical examination were noted. 
The objective was to establish a clinical di- 
agnosis of dementia and to rule out neuro- 
logic, psychiatric, or medical diseases that 
might be responsible for it. (2) Criteria fit- 
ting the definition of primary degenerative 
dementia set by the DSM-III? (3) Scores of 
2 or less on the Modified Ischemic Score of 
Loeb and Gandolfo’ were noted. The Modi- 
fied Ischemic Score was used to eliminate 
vascular dementias. The score ranges from 
0 to 10, and a score of 2 or less in a demented 
patient is believed to be consistent with the 
diagnosis of AD. (4) Lack of findings on the 
computed tomographic scan suggestive of 
other causes of dementia. 

In addition, each subject was adminis- 
tered the Mini-Mental State (MMS) 
examination,” a widely used test of cogni- 
tive functions with scores ranging from 0 
(worse) to 30 (best), and the Sandoz Clini- 
cal Assessment Geriatric (SCAG), an- 
other frequently used instrument aimed 
mainly at the assessment of behavioral 
disorders. 
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The above tests were carried out on 2 dif- 
ferent days, usually 1 week apart. At the 
end of the first examination, the investiga- 
tor used the above criteria to reach one of 
the following diagnoses: mild dementia 
(memory impairment and mild impairment 
of other cognitive functions), moderate de- 
mentia (obvious impairment of memory 
and other cognitive functions but patient 
still testable), isolated memory impair- 
ment, or simple psychomotor slowing with- 
out impairment of memory and other intel- 
lectual functions. Patients with severe de- 
mentia, delirium, focal neurologic deficit or 
evidence of other neurologic, psychiatric, or 
medical disease thought to be responsible 
for the dementia were not included in the 
study. 


Procedure 


The intrarater reliability was tested by a 
second examination of the patients after 1 
year + 1 month. This examination was per- 
formed by the same clinicians who had seen 
patients for the initial assessments. The 
clinicians were not provided with the pre- 
vious diagnosis or test results from the first 
visit. The following were performed during 
this follow-up visit. (1) The clinical evalua- 
tion was used to establish a diagnosis fol- 
lowing the same criteria used in the initial 
examination. (2) The criteria for primary 
degenerative dementia as set up by the 
DSM-III were used to evaluate the number 
of patients who satisfied the same defini- 
tion after 1 year. (3) The score on the MMS 
specified the evolution of the cognitive im- 
pairment. (4) Results of the SCAG were 
compared with the preceding ones. 

The interrater reliability was also 
studied using only the DSM-III classifica- 
tion. A second physician examined the pa- 
tients on the same day of their second visit 
and completed a questionnaire that used 
the DSM-III criteria. 





=) 
a 


items 


Table 3.—Interrater 
Reliability of the DSM-III* 


. Loss of intellectual ability 
. Memory impairment 
. Aphasia, agnosia, apraxia 


.60-.76 
. Insidious onset .33-.40 


. No stepwise deteriorating 
course 


. Progressive course 
. Focal neurologic signs 
. Cerebrovascular disease 


. Specific organic factor, 
known or presumed 


10. Exclusion of other causes 


* DSM-Ill indicates Diagnostic and Statistical Man- 
ual of Mental Disorders, revised ed 3.? 


RESULTS 
First Visit 


Table 1 shows the diagnoses received 
by the 55 patients at their first and 
second visits. When first seen, 27 pa- 
tients (49% ) were given a diagnosis of 
mild dementia. One patient was be- 
lieved to have mild dementia accom- 
panied by depression. Twenty-two pa- 
tients (40%) had moderate dementia. 
Three patients had isolated memory 
impairment and 2 had psychomotor 
slowing. 

The mean (+SD) MMS score for the 
whole group was 16.6 + 3.7. The Mod- 
ified Ischemic Score was 0 in 46 pa- 
tients (84%) and equal to 2 in 9 pa- 
tients (16%). 

The SCAG scores are shown in the 
left-hand column of Table 2. The two 
scores that were most affected were 
factor I (cognitive functioning) and 
factor III (apathy). 


Second Visit (1-Year Follow-up) 


When the patients were seen for 
their second visit, their mean MMS 
score was 13.3 + 7.4. This decline (3.3 
points) was statistically significant 
(P = .0012). Of the 27 patients with 
mild dementia, 7 were given the same 
diagnosis, 19 were diagnosed as having 
moderate dementia, and 1 was diag- 
nosed as having an isolated memory 
impairment. The diagnosis for the pa- 
tient initially diagnosed as having 
mild dementia and depression was 
changed to moderate dementia. 
Among the 22 patients with a previous 
diagnosis of moderate dementia, 18 
were given the same diagnosis, 3 were 
believed to have mild dementia, and 1 
was believed to have isolated memory 
impairment. The 3 patients originally 
diagnosed as having isolated memory 
impairment were given the same diag- 
nosis and of the 2 patients with the 
initial diagnosis of psychomotor slow- 
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ing, 1 was given the same diagnosis 
and 1 was diagnosed as having mild 
dementia. Therefore, except for varia- 
tions between the categories of mild 
and moderate dementia, almost all (52 
of 55) patients were given the same di- 
agnosis, which indicates a diagnostic 
reliability of 95%. 

The SCAG scores collected during 
the second visit are shown in the right- 
hand column of Table 2. Significant 
decline occurred only in factor I (cog- 
nitive functioning) and factor III 
(apathy). 

Interrater reliability for each item 
of the DSM-III questionnaire was as- 
sessed by the consistency of the rat- 
ings given by the two physicians dur- 
ing the second examination (after 1 
year) (Table 3). Six of the 10 items were 
always rated identically. The rating 
could thus be viewed as reproducible. 
For 2 of the 10 items (items 3 and 7) the 
x coefficient was equal or superior to .5. 
The reproducibility was once again 
satisfactory. However, the reproduc- 
ibility was mediocre for mode of onset 
and for course (items 4 and 6). 


COMMENT 


These results indicate the high re- 
producibility (95% accuracy) of a sim- 
ple diagnostic method based essen- 
tially on clinical diagnosis and on eval- 
uation of widely recognized guidelines, 
the DSM-III. These diagnostic criteria 
are basically comparable with the re- 
cently introduced NINCDS/ADRDA 
criteria for AD. Systemic disorders 
were ruled out in each patient and no 
patient was younger than 40 years or 
older than 90 years at time of onset. 
They had no disorder of consciousness. 
The progressive worsening of cogni- 
tive functions was part of the clinical 
judgment concerning the diagnosis of 
dementia. Deficits in two or more areas 
of cognition were not formally docu- 
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mented, but presence of isolated mem- 
ory disorder led to a different diagnos- 
tic category. The diagnostic criteria 
used in this study are also comparable 
to those used by other well-known 
studies (published either before or af- 
ter the report of McKhann et al’) in the 
United States,’ in the United 
Kingdom,’ and in France.” 

Retrospective review of the records 
of the two patients for whom the diag- 
nosis changed from dementia to iso- 
lated memory impairment at the fol- 
lowing visit showed that they did not 
actually improve. This represented the 
possible misinterpretation of symp- 
toms and signs of profound but iso- 
lated memory disorders, especially 
when these patients were seen ini- 
tially. 

The high reliability of these simple 
measures at a l-year interval com- 
pares favorably with the older find- 
ings of Marsden and Harrison.’ The 
patients included in that study had 
been given a “presumptive diagnosis of 
dementia” at the initial visit solely 
based on clinical impression. The high 
reliability found in the present study is 
comparable, however, with the test- 
retest reliability of the MMS” and also 
to that of the Clinical Dementia Rating 
introduced by Hughes and his col- 
leagues.'* 

Because the main purpose of this re- 
search was to study intrarater reliabil- 
ity, the study was not carried out in a 
“blind” fashion. All the clinicians who 
examined the patients, however, see a 
large number of patients each year and 
were unlikely to remember the precise 
diagnosis they had made on the initial 
visit. 

The decline in MMS scores (a little 
over three points over 1 year) observed 
in this sample was consistent with the 
mean l-year decline found in another 
large longitudinal study conducted in 
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Clinical and Pathological Aspects of 
Parkinsonism in Alzheimer’s Disease 


A Role for Extranigral Factors? 


John C. Morris, MD; Mark Drazner; Keith Fulling, MD; Elizabeth A. Grant, PhD; James Goldring, PhD, MD 


è To examine the natural history and 
pathogenesis of parkinsonism in Alzhe- 
imer’s disease, 44 subjects with clearly 
established senile dementia of the Alzhe- 
imer type were studied during a 66-month 
period. Sixteen subjects (36%) developed 
idiopathic parkinsonism, and 12 subjects 
(27%) developed drug-induced parkinson- 
ism; the chief clinical features of both 
types were bradykinesia and rigidity, but 
not resting tremor. The presence of par- 
kinsonism was associated with global 
(rather than selective) cognitive impair- 
ment, as determined by psychometric 
testing, and with more rapid progression 
to advanced stages of dementia. The 


Parkinsonism appears frequently in 

persons with senile dementia of the 
Alzheimer type (SDAT), in whom the 
presence of extrapyramidal signs 
(chiefly bradykinesia and rigidity) has 
been associated with diminished func- 
tional capacity, increased neuropsy- 
chiatric disturbances, and greater se- 
verity of dementia.'? The putative ex- 
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pathological correlates of clinical parkin- 
sonism were heterogeneous in 10 sub- 
jects with Alzheimer’s disease who were 
examined post mortem. Coexistent Par- 
kinson’s disease was observed in five 
cases and nonspecific nigral degenerative 
lesions were present in another three; 
however, two cases had neither histolog- 
ical changes nor reduced neuronal densi- 
ties in the substantia nigra. These two 
cases suggested that extranigral lesions, 
possibly involving mesocortical dopamin- 
ergic pathways, may contribute to the de- 
velopment of parkinsonism in subjects 
with Alzheimer’s disease. 
(Arch Neurol. 1989;46:65 1-657) 


trapyramidal subgroup of SDAT 
remains incompletely characterized, 
however, because (1) longitudinal data 
about clinical and neuropsychological 
outcome measures (eg, dementia pro- 
gression) generally are not available, 
(2) study samples may be contami- 
nated by patients with Parkinson’s 
disease in whom dementia developed 
secondarily, and (8) previous studies 
have been marked by subjects who 
were heterogeneous for dementia se- 
verity. Hence, it is not surprising that 
reported prevalence rates for parkin- 
sonian signs (eg, rigidity) in subjects 
with SDAT vary from 9%? to 67%. 
Additional uncertainty exists regard- 
ing the basis of the extrapyramidal 
dysfunction. Although Parkinson’s 
disease often is present neuropatho- 
logically in persons with Alzheimer’s 
disease (AD), it may be unassociated 
with extrapyramidal manifestations’; 
conversely, the substantia nigra (SN) 
appears to be normal in some patients 
with SDAT who have clinical 
parkinsonism,’ suggesting that fac- 


tors other than coexistent Parkinson’s 
disease may be responsible. (The term 
SDAT, which corresponds, to the 
“probable AD” category established 
by the National Institute of Neurolog- 
ical Disorders and Stroke/ Alzheimer’s 
Disease and Related Disorders Asso- 
ciation Work Group, refers to the dis- 
order diagnosed by clinical criteria; 
AD refers to the histologically verified 
disease.) 

We reviewed clinical, psychometric, 
and neuropathological data obtained 
from subjects with SDAT and cogni- 
tively healthy control subjects during 
a 66-month period; none had parkin- 
sonism at entry. The objectives were to 
(1) describe the clinical and psycho- 
metric features of parkinsonism oc- 
curring in subjects with SDAT, (2) 
correlate the clinical presence of par- 
kinsonism with SN histopathology, 
and (3) explore the hypothesis of “ex- 
tranigral” parkinsonism by quantify- 
ing nigral neuronal populations in sub- 
jects with AD, with and without coex- 
istent parkinsonism and/or Parkin- 
son’s disease. 


METHODS 
Subjects 


Forty-four subjects with mild SDAT and 
58 control subjects were enrolled in a longi- 
tudinal study of healthy aging and senile 
dementia (see Table 1 for demographic 
characteristics). At entry, all participants 
were living in the community; the recruit- 
ment and full characterization of this study 
sample have been described elsewhere.*” 
All subjects met validated inclusionary and 
exclusionary criteria at the time of enroll- 
ment to ensure that SDAT was the only de- 
menting disorder present"; features of Par- 
kinson’s disease were specific exclusionary 
criteria. Briefly, SDAT was diagnosed when 
dementia, consisting of memory loss and 
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Table 1.—Development of Parkinsonism in Controls vs Subjects 
With SDAT During 66-Month Period* 


Entry characteristics 
Sex, M/F, No. 


Age, y 
Education, y 


No. (%) with parkinsonian outcome 
Total, Idiopathic 


With B only 

With R only 

With B and R 

With B, R, and RT 
Total, Drug Induced 

With R only 

With B and R 

With B, R, and RT 


Controls 
(n = 58) 


71.7 + 49t 
12.8 + 3.5T 


Subjects With SDAT 
(n = 44) 


21/23 
71.5 + 4.9T 
12.5 + 4.1T 


28/30 


3 (5) 16 (36)+ 
1 (2) 3 (7) 
1 (2) 3 (7) 
o (0) 9 (20) 
1 (2) 1 (2) 
o (0) 12 (27) 
o (0) 6 (14) 
O (0) 5 (11) 
o (0) 1 (2) 





* SDAT indicates senile dementia of the Alzheimer type; B, bradykinesia; R, rigidity; and RT, resting tremor. 
All subjects were free of parkinsonian signs at entry. Percentages may not total exactly because of rounding. 


tMean + SD. 


+P < .0001 by Fisher’s Exact (two-tailed) Test, compared with occurrence of idiopathic parkinsonism in con- 


trol subjects. 


impairment of other cognitive abilities, had 
begun insidiously and followed a gradually 
progressive course for 6 months or longer. 
Control subjects met identical exclusionary 
criteria but had no intellectual dysfunction. 


Study Duration 


All subjects were examined at entry and 
at 15- to 18-month intervals thereafter, un- 
less prevented by death, change of resi- 
dence far from St Louis, Mo, or refusal to 
continue. The development of parkinsonism 
was monitored from the entry through the 
fifth time of evaluation, a median duration 
of 66 months. At the conclusion of this pe- 
riod, 21 (48%) of the 44 original subjects 
with SDAT and 45 (77%) of the original 
control subjects remained active in the 
study. Sixteen subjects with SDAT and 5 
control subjects (86% and 9%, respectively) 
had died; 1 participant with SDAT (2%) 
and 5 control participants (9% ) refused to 
continue, and 6 participants with SDAT 
(14%) and 3 control subjects (5% ) became 
unavailable after a change in residence. 


Assessment 


Standardized clinical assessments of con- 
trols and subjects with SDAT were per- 
formed by experienced clinicians at each 
evaluation. The assessment protocol in- 
cluded open-ended and structured inter- 
views with both the subject and an in- 
formed collateral source, a drug inventory, 
and general physical and neurological ex- 
amination of the subject.? Symptoms of de- 
pression (Feighner criteria) in the subject 
were elicited by self-report and from the 
collateral source.? When dementia was 
present, its severity was staged according 
to the Washington University Clinical De- 
mentia Rating (CDR) scale?'* in which a 
CDR score of 0 indicates no cognitive im- 
pairment and a CDR score of 0.5, 1, 2, or 3 
indicates questionable, mild, moderate, or 
severe dementia, respectively. Interrater 
reliability for the CDR has been 
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demonstrated.'* At entry, all subjects with 
SDAT were mildly demented (CDR score of 
1) and all control participants had a CDR 
score of 0. 

All protocols were reviewed for the pres- 
ence of three parkinsonian signs: bradyki- 
nesia, cogwheel rigidity, and resting 
tremor. Although, at different times of as- 
sessment, an individual subject may have 
been examined by different clinicians, a 
single investigator (J.C.M.) reviewed each 
record by using previously set criteria. Only 
signs documented by neurological exami- 
nation and confirmed at subsequent visits 
(if any) were considered; cogwheel rigidity 
was specified to minimize confusion with 
other hypertonic conditions (eg, gegenhalt- 
en). Because gait and postural abnormali- 
ties are common in persons with SDAT and 
elderly control persons, they were not in- 
cluded as parkinsonian indicators; extrapy- 
ramidal signs (eg, pelvicrural contraction) 
associated with end-stage disease also were 
not considered. These restrictions were in- 
tended to enhance diagnostic accuracy for 
parkinsonism, realizing that their use may 
have underestimated the prevalence of ex- 
trapyramidal dysfunction in this sample. 
When one or more of the three specific signs 
(bradykinesia, cogwheel rigidity, and rest- 
ing tremor) were detected and no medica- 
tions with potential extrapyramidal side 
effects had been used during the previous 6 
months, idiopathic parkinsonism was diag- 
nosed; drug-induced parkinsonism (DIP) 
was diagnosed when exposure to such med- 
ications had occurred within 6 months of 
examination. Although the DIP category 
may have included some subjects with idio- 
pathic parkinsonism,’ this classification 
system was used to increase the likelihood 
that the subjects with idiopathic parkin- 
sonism were uncontaminated by neurolep- 
tic side effects. The number of depressive 
symptoms reported by the subjects and 
their collateral sources at each assessment 
were recorded also, as was the presence of 
documented myoclonus. 


A psychometric test battery was admin- 
istered (independently from the clinical as- 
sessment) at each time of evaluation.'”"* 
The battery included standard verbal and 
nonverbal procedures used in dementia and 
aging research to measure different types of 
memory, language, reasoning, mental con- 
trol, and speed of mental processing. Psy- 
chometric variables were grouped concep- 
tually into two groups, those with a strong 
verbal component and those requiring psy- 
chomotor skills. 


Neuropathological Examinations 


Eleven brains were obtained for neuro- 
pathological examination from the 16 sub- 
jects with SDAT who died during the study 
period. To increase clinicopathological cor- 
relations, all eight subjects with SDAT en- 
rolled in subsequent studies (using recruit- 
ment, diagnostic, and assessment methods 
identical to those for the original partici- 
pants) with postmortem examinations dur- 
ing the same period were included in the 
pathological study. Thus, brains from a to- 
tal of 19 subjects with SDAT (16 male and 
3 female; mean age [+SD] at death, 
74.7 + 5.0 years) were examined. Eight 
control brains (one from an original control 
subject and the remainder from the general 
autopsy service) from patients without ev- 
idence for AD and Parkinson’s disease were 
studied also. The mean age (+SD) at death 
for the control subjects (five male and three 
female) was 71.8 + 10.1 years. 

Following formaldehyde fixation, repre- 
sentative tissue blocks from the cerebral 
cortex, hippocampus, basal ganglia, cere- 
bellum, and brain stem were embedded in 
paraffin. Sections (thickness, 6 wm) were 
stained with conventional methods, includ- 
ing hematoxylin-eosin and Bielschowsky’s 
silver techniques. Final diagnoses were 
made by a senior neuropathologist (K.E.) 
using standard interpretation of the gross 
and histological findings. Parkinson’s dis- 
ease was diagnosed when pigmented neu- 
ronal loss, gliosis, and Lewy bodies were 
present in the SN. In the absence of Lewy 
bodies, the occurrence of neuronal deple- 
tion, gliosis, and/or excessive free pigment 
deposits were interpreted as nonspecific ni- 
gral degeneration. 


Nigral Quantitative Studies 


In the brains of the 19 subjects with AD 
and 8 control subjects, neuromelanin-con- 
taining neurons with visible nucleoli were 
quantified in hematoxylin-eosin-stained 
sections of the SN. Midbrain sections at the 
levels of the red nuclei and the decussation 
of the superior cerebellar peduncles were 
used for the analysis. Manual neuronal 
counts were performed at 100X by a single 
observer (M.D.), who was unaware of the 
clinical and neuropathological diagnoses. 
On the coverslip of each section, the region 
of interest (ie, the pars compacta of the SN) 
was outlined; following completion of the 
neuronal counts, the area of this region was 
measured using an eyepiece grid. Intraob- 
server reliability was high; intraclass cor- 
relation coefficients exceeded .9 for both 
area measurements (number of obser- 
vations = 136) and neuronal counts 


Alzheimer’s Disease—Morris et al 


=. 


(number of observations = 21). Using val- 
ues from both midbrain levels, neuronal 
densities (number of cells per square milli- 
meter) were calculated for each subject 
with AD and each control subject. Because 
area measurements in our material in- 
cluded both cell-rich and adjacent cell-poor 
regions, derived density values are lower 
than would be obtained by assessing only 
areas of maximal cell clustering. Compara- 
ble methods for nigral neuronal density 
measurements have been used by others.” 


Statistical Analysis 


The Fisher’s Exact (two-tailed) Test was 
used where appropriate. Because the re- 
sults from the psychometric variables had 
a skewed distribution, these data were an- 
alyzed with both parametric (analysis of 
variance) and nonparametric (van der 
Waerden) tests. The results were the same 
with both analyses; for simplicity, only re- 
sults derived from analyses of variance and 
multiple comparison tests (Ryan- 
Einot-Gabriel- Welsch F test) are reported. 
Unless stated otherwise, all values are 
given as the mean + SD. 

RESULTS 
Clinical Findings 


Three (1 male and 2 females) of the 
original 58 control subjects (5%) de- 
veloped idiopathic parkinsonism dur- 
ing the study period (Table 1); all three 
remained cognitively healthy (CDR 
score of 0). Another control subject 
developed myoclonus. Although Par- 
kinson’s disease rating scales were not 
used in this study, only 1 subject was 
sufficiently disabled to require specific 
therapy (carbidopa-levodopa). No con- 
trol participant received anti- 
psychotic medications; thus, DIP was 
not observed in this group. 

Sixteen (8 males and 8 females), or 
36%, of the original 44 subjects with 
SDAT developed idiopathic parkinson- 
ism, and an additional 12 (5 males and 
7 females), or 27%, developed DIP. The 
occurrence of idiopathic parkinsonism 
was significantly greater (P < .0001) 
for subjects with SDAT than for con- 
trols (Table 1). The degree of parkin- 
sonism was relatively mild, as indi- 
cated by the use of carbidopa-levodopa 
therapy in only one subject with idio- 
pathic parkinsonism; another subject 
with idiopathic parkinsonism was 
treated with amantadine hydrochlo- 
ride, and three subjects (one idio- 
pathic; two DIP) received benztropine 
mesylate. Rigidity and bradykinesia in 
combination was the most frequent 
presentation in subjects with idio- 
pathic parkinsonism, whereas rigidity, 
with or without bradykinesia, was the 
most common finding in subjects with 
DIP. Resting tremor appeared in a 
single subject in each group, and oc- 
curred only in association with both 
bradykinesia and cogwheel rigidity. 
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Within the group with SDAT, there 
were no significant differences in age, 
education, or dementia duration at en- 
try between those who subsequently 
developed parkinsonism (either idio- 
pathie or DIP) and those who did not, 
nor were there differences between 
groups in depressive manifestations as 
reported either by the collateral source 
or the subject. (Major depression was 
an exclusionary criterion.) Because en- 
try and outcome measures were simi- 
lar for the groups with idiopathic par- 
kinsonism and DIP, they are combined 
for purposes of comparison with the 
group with nonparkinsonian SDAT, 
except as indicated. All but 1 of the 25 
subjects with SDAT parkinsonism 
who were available for assessment at 
34 months after entry had progressed 
to moderate or severe stages of demen- 
tia, but 7 of 12 nonparkinsonian sub- 
jects remained only mildly demented 
(P = .001). Manifestations of depres- 
sion, a potential confounding factor in 
the assessment of dementia severity, 
have been reported to occur often in 
patients with Parkinson’s disease,”! 
but were not increased in the groups 
with SDAT parkinsonism. Myoclonus 
was observed in six subjects with 
SDAT who had parkinsonism. Group 
mortality rates (48% for subjects with 
combined idiopathic parkinsonism 
and DIP and 25% for subjects without 
parkinsonism) were not significantly 
different during the course of the 
study. 

Idiopathic parkinsonism developed 
throughout the study period and at all 
CDR stages; 6 (87%) of the 16 idio- 
pathic subjects manifested parkinson- 
ism while still in the mild (CDR score 
of 1) stage of dementia. Drug-induced 
parkinsonism appeared only in ad- 
vanced SDAT (CDR scores of 2 or 3), 
although antipsychotic drugs were 
employed at all CDR stages. Only 4 of 
the 16 subjects with nonparkinsonian 
SDAT had used neuroleptic medica- 
tions. Excluding subjects with idio- 
pathic parkinsonism, DIP occurred in 
75% (12 of 16) of all subjects with 
SDAT who were exposed to these 
drugs. 

Psychometrics 

Progression of dementia and attri- 
tion resulted in few completed psycho- 
metric batteries in subjects with 
SDAT beyond 34 months; data from 
the entry and 34-month evaluations 
are presented in Table 2. Two of the 16 
subjects with SDAT who subsequently 
developed idiopathic parkinsonism did 
not complete testing within an accept- 
able period (3 months) after their ini- 
tial clinical assessment and are not in- 
cluded in Table 2. 


At entry, although all subjects with 
SDAT were judged clinically to be 
equally demented (CDR score of 1), 
poorer performance on psychometric 
testing distinguished those subjects in 
whom parkinsonism developed subse- 
quently. There were significant differ- 
ences among the groups, mainly be- 
tween the parkinsonism (idiopathic 
and DIP) and nonparkinsonian groups, 
on both verbal (Digit Span backward 
subtests of the Wechsler Memory 
Scale, Wechsler Aduk Intelligence 
Scale Information and Comprehension 
subtests, Boston Naming Test, and 
Word Fluency Test for the letter P) 
and psychomotor measures (Benton 
Visual Retention Test and Wechsler 
Adult Intelligence Scale Block Design 
subtest) (Table 2). Although subjects 
with DIP generally performed more 
poorly than subjects with idiopathic 
parkinsonism, the two groups with 
parkinsonism differed significantly 
only for the Digit Span backward 
subtest of the Wechsler Memory Scale. 

Similar results were obtained at the 
15- and 34-month follow-up assess- 
ments. Although performance de- 
clined for all groups with time, the 
groups with parkinsonism scored sig- 
nificantly worse than the group with 
nonparkinsonian SDAT on all but the 
Crossing-off test by 34 months after 
entry (Table 2). 


Neuropathological Examinations 


In all 19 subjects with SDAT who 
were examined post mortem, neuritic 
plaques and neurofibrillary tangles in 
sufficient quantity and distribution for 
the firm diagnosis of AD were demon- 
strated in hippocampal and neocorti- 
cal sections.'! One subject with SDAT, 
who at entry had neither clinical nor 
computed tomographic evidence of 
cerebrovascular disease, later had sev- 
eral episodes consistent with stroke 
and at autopsy 60 months after entry 
had cerebral infarcts that affected an 
estimated 96 mL of brain volume; inf- 
arcts in three other subjects involved 
less than 50 mL of brain tissue. Acute 
subarachnoid hemorrhage, metastatic 
malignant melanoma, acute menin- 
goencephalitis, occipital meningioma, 
remote bilateral frontal contusions, 
and hemorrhagic necrosis of the cervi- 
cal spinal cord (resulting from recent 
cervical fracture) were additional 
findings in a single subject each. With 
the exception of lacunar infarcts that 
involved the striatum in two subjects 
with idiopathic parkinsonism, the cau- 
date and lenticular nuclei were unre- 
markable. 

Ten (6 from the original and 4 from 
the subsequent studies) of the 19 sub- 
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Idiopathic 
(n = 14) 


72.3 + 4.3 
11.8 + 4.2 


Education, y 
Dementia duration, y 


Verbal measurest 
Wechsler Memory Scale 
Mental Control 


Logical Memory 
Digit Span Forward 
Digit Span Backward 
Associate Learning- 


Recall (Total) 


Word Fluency 
S 


P 
Boston Naming Test 


Wechsler Adult Intelligence Scale 
Information 


Comprehension 


Motor measurest 
Visual Retention, Form C 


No. of errors 18.0 


Bender Gestalt 
Wechsler Adult Intelligence Scale 


Digit Symbol 16.3 


Block Design 
Crossing-off 
Trailmaking A 


114.2 + 
11.0 + 5.5 9.7 
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I+ | 1+ | + 
H+ | i+ | I+ 
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10.3 26.2 
9.9 20.9 
30.8 135.6 
4.5 15.7 


+ | + | He | + 
+ | + | + | + 


75.3 + 4.4 


71.6 + 5.0 
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H- | I+ 


5.4 + 


64.2 + 76.3 
0.8 + 2.1 
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* SDAT indicates senile dementia of the Alzheimer type; DIP, drug-induced parkinsonism. Idiopathic parkinsonism and DIP outcome groups defined by occurrence within 
a 66-month study period; all subjects were free of parkinsonism at entry. All values given as mean + SD. 
+See references 17 and 18 for a fuller description of these measures. 


#P< 01. 


§P < .001 for significant group effect (analysis of variance). 
|INo subject in this category was testable on this measure. 


jects with AD had manifested idio- 
pathic parkinsonism clinically. In 5 of 
these 10 subjects, histological Parkin- 
son’s disease was present (Fig 1, left); 
consistent with their known dis- 
tribution,” rare Lewy bodies were also 
evident in the cerebral cortex in 3 of 
these 5 subjects. Nonspecific nigral de- 
generative changes, ranging from mild 
to severe in degree, were present in 3 
other subjects with idiopathic parkin- 
sonism (Fig 1, right). In the remaining 
2 subjects with idiopathic parkinson- 
ism, nigral lesions were entirely ab- 
sent (Fig 1, bottom left); neither had 
striatal infarcts. With the exception of 
an occasional neurofibrillary tangle, 
the SN also was normal in both 
subjects with DIP and the 7 subjects 
with AD without parkinsonism (Ta- 
ble 3). 


Nigral Neuronal Quantitation 


Density values for neuromelanin- 
containing cells in the SN of the eight 
control subjects ranged from 2.1/mm? 
to 4.3/mm°. Within the age range (55 to 
85 years) of these subjects, no associa- 
tion of nigral cell density with age was 
observed (Fig 2). 
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In the subjects with AD, nigral den- 
sities ranged from 0.1/mm? to 4.8/mm? 
(Table 3). The seven lowest density 
values (0.1/mm? to 1.4/mm7?) occurred 
in subjects who had idiopathic parkin- 
sonism (Nos. 1 through 7) and were 
accompanied uniformly by histological 
evidence of nigral degeneration; Lewy 
bodies were present in five of the seven. 
Mild nigral degenerative changes (ie, 
gliosis and free pigment deposits) were 
observed in another subject with idio- 
pathic parkinsonism (No. 12) with a 
neuronal density value of 2.2/mm‘’. In 
the SN of the remaining subjects (Nos. 
18 and 19) with idiopathic parkinson- 
ism and the two subjects with DIP 
(Nos. 11 and 17), neuronal densities 
were within the range of control val- 
ues. Parkinsonism was not associated 
with reduced nigral neuronal densities 
alone. 


Clinicopathological Correlation 


Whenever nigral degenerative 
changes were present (subjects 1 
through 7 and 12), idiopathic parkin- 
sonism had been evident during life. In 
five of these eight subjects, full criteria 
for Parkinson’s disease were fulfilled; 


nigral degeneration without Lewy 
bodies was found in the remaining 
three. Two other subjects (Nos. 18 and 
19) with idiopathic parkinsonism had 
normal nigral cell densities and no ni- 
gral lesions. Thus, clinical idiopathic 
parkinsonism in 10 subjects with AD 
was associated with histopathological 
Parkinson’s disease in 5 (50%), with 
nigral degenerative changes (with or 
without neuronal loss) in 3 (30% ), and 
with a normal SN in the remaining 2 
(20%). The clinical dysfunction in 
these two subjects (bradykinesia and 
rigidity in each) did not differ qualita- 
tively from that of the other eight 
subjects with idiopathic parkinsonism 
but presumably resulted from extra- 
nigral lesions. 


COMMENT 


Our study provides information to 
support the following conclusions: (1) 
parkinsonism is an important feature 
of the natural history of AD, with im- 
plications for dementia progression 
and neuroleptic drug use; (2) extrani- 
gral mechanisms may play a role in the 
clinical manifestations of persons with 
parkinsonism; and (3) senescent nigral 
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Fig 2.—Nigral neuronal densities in control 
subjects are unaffected by age within observed 
range. 


neuronal loss alone is an unlikely caus- 
ative factor for this syndrome. 
Idiopathic parkinsonism developed 
at a rate seven times greater in sub- 
jects with SDAT than in controls (36% 
vs 5%) and appeared at all stages of 
dementia (mild, moderate, and 
severe). Bradykinesia and rigidity 
were the typical features and were 
mild in severity; unlike Parkinson’s 
disease, resting tremor and depression 
were uncommon. Drug-induced par- 
kinsonism occurred in another 27% of 
our subjects with SDAT, all with mod- 
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Fig 1.—Spectrum of substantia nigral involvement in parkinsonism of 
Alzheimer’s disease is in sections from three representative cases. Top 
left, Case 2. Parkinson’s disease, Lewy body type, with neuronal loss 
and reactive fibrillary astrocytosis; arrows indicate Lewy body inclusions 
(hematoxylin-eosin, original magnification X90). Top right, Case 12. Mild 
degenerative changes without Lewy bodies. Neuron loss is reflected by 
mild astrocytosis and numerous clusters of pigment deposits (arrow- 
heads) (hematoxylin-eosin, original magnification X90). Bottom left, 
Case 18. Normal substantia nigra (hematoxylin-eosin, original magnifi- 
cation X90). 





Table 3.—Clinical and Histopathological Parkinsonism 
in Subjects With Confirmed Alzheimer’s Disease * 










Nigral Histopathological 







Features Nigral Neuronal 
Patient/Sex/Age Type of er Density, No. of 
at Death, y Parkinsonism LB Gliosis/FP NFTs Cells /mm? 














1/M/72 Idiopathic a + T 0.1 
2/M/69 Idiopathic + + + 0.4 
3/M/77 Idiopathic 4 + ~ 0.4 
4/M/77 Idiopathic + + _ 0.5 
5/F/80 Idiopathic - e = 0.8 
6/M/70 Idiopathic $ + = 1.0 
7/M/76 Idiopathic + + _ 1.4 





8/M/70 
9/M/68 
10/M/75 hea 
11/M/68 DIP 
12/F/82 Idiopathic = + ~~ 2.2 
13/M/82 
14/M/85 YY 
15/M/75 bere _ = + 3.4 


























16/M/76 uty _ = =à 3.8 
17/M/71 DIP = = = 4.1 
18/F/74 Idiopathic - = e 4.4 
19/M/72 Idiopathic _ = = 4.8 


*LB indicates Lewy body; FP, free pigment; NFTs, neurofibrillary tangles; plus sign, present; minus sign, ab- 
sent; and DIP, drug-induced parkinsonism. 
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erate or severe dementia. Although the 
potency and dosages of neuroleptic 
agents were not examined, the fre- 
quent occurrence of DIP in our neuro- 
leptic-exposed subjects with SDAT 
suggests caution in the use of these 
drugs in demented patients. The pres- 
ence of parkinsonism, either idio- 
pathic or DIP, was associated with 
more rapid progression of dementia, as 
measured by the CDR; similar findings 
have been reported by others.” The re- 
lationship of myoclonus, which oc- 
curred in 21% of our subjects with 
SDAT who had parkinsonism, to ex- 
trapyramidal dysfunction remains 
obscure.' Mortality was not signifi- 
cantly increased by parkinsonism in 
our sample, although the size of the 
groups was small. 

The variety of neuropsychological 
deficits reported for patients with Par- 
kinson’s disease” has been related to 
increased motor response latencies 
rather than to impaired cognitive 
processing.** The psychometric per- 
formance of our subjects with SDAT 
who had parkinsonism (idiopathic and 
DIP) was impaired across all mea- 
sures, both verbal and psychomotor, 
suggesting that the neuropsychologi- 
cal deficits of parkinsonism in SDAT 
are not attributable solely to dimin- 
ished motor function. Slightly more 
severe cognitive impairment, as indi- 
cated by psychometric performance, 
was observed at entry (ie, before ex- 
trapyramidal dysfunction was appar- 
ent) for subjects with SDAT who sub- 
sequently developed parkinsonism 
compared with those who did not; 
these differences in psychometric 
scores were accentuated during a 34- 
month period. Although it is possible 
that subjects in whom parkinsonism 
later occurred had more advanced 
SDAT at entry, they shared the same 
clinical stage (CDR score of 1) of de- 
mentia as those who remained nonpar- 
kinsonian and had not been demented 
significantly longer. An alternative ex- 
planation for the poorer psychometric 
performance of our subjects with 
SDAT parkinsonism at entry is that 
parkinsonism reflects a more rapidly 
progressive form of AD, which would 
suggest that intellectual impairment 
predicts extrapyramidal signs rather 
than the converse.” 

Although the clinical presentation is 
relatively uniform, the pathoanatomi- 
cal correlates of parkinsonism in AD 
are heterogeneous. All subjects with 
substantive histological lesions in the 
SN in our series had demonstrated 
parkinsonism during life, but not all 
subjects with clinical disease had a 
corresponding nigral pathologic con- 
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dition. When present, nigral findings 
ranged from those of fully expressed 
Parkinson’s disease to relatively mi- 
nor degrees of nonspecific degenera- 
tion. Lack of involvement of the SN in 
the parkinsonism of AD has been 
noted previously. Jellinger and 
Grisold*’ described 16 patients with 
mild symptoms of Parkinson’s disease 
and severe dementia in whom post- 
mortem examination revealed ad- 
vanced AD with “little damage to the 
substantia nigra.” In a retrospective 
study of 40 cases of pathologically 
confirmed AD, Leverenz and Sumi‘ 
found 11 cases with both a history of 
parkinsonism and the following nigral 
lesions: 8 with Lewy bodies, 1 with a 
neurofibrillary tangle, and 2 with cell 
loss alone (assessed quantitatively). 
Two additional cases (15% of all pa- 
tients demonstrating extrapyramidal 
signs) had no nigral changes. Ditter 
and Mirra’ reviewed clinical data in 18 
postmortem cases with verified AD for 
correlation with a Parkinson’s disease 
pathologic condition and found 
bradykinesia and rigidity had been re- 
ported in 11, 8 of whom demonstrated 
nigral cell loss, gliosis, and Lewy body 
formation. In at least 2 (18% ) of their 
11 cases with clinical parkinsonism, 
however, nigral abnormalities were 
absent. In conjunction with the normal 
SN in two of our subjects with extrapy- 
ramidal dysfunction, the variable ni- 
gral involvement associated with the 
parkinsonism of AD indicates that it is 
not a single disease entity but rather 
may result from multiple mechanisms. 

Although several hypotheses, in- 
cluding selective vulnerability of the 
isodendritic core” and nonspecific re- 
action to AD lesions in the cerebral 
cortex” and striatum,” have been ad- 
vanced as explanations for involve- 
ment of the SN in AD, nigral disease is 
not essential for the clinical expres- 
sion of parkinsonism.***! The dopam- 
inergic mesocortical system has cells 
of origin located chiefly in the mesen- 
cephalic ventral tegmental area adja- 
cent to the SN and innervates specific 
cortical regions (including the pre- 
frontal cortex) that in turn project di- 
rectly to the striatum and other basal 
ganglia.” Interruption of these meso- 
cortical pathways has been shown to 
have important physiological conse- 
quences in experimental animals,***’ 
and selective loss of the relevant 
dopaminergic cells of origin has been 
suspected in the production of extrapy- 
ramidal and cognitive deficits in 
humans.“ Alvord* proposed that 
cases of Parkinson’s disease with few 
or no SN lesions at postmortem exam- 
ination be classified as “extranigral”; 


he and his colleagues have suggested 
further that at least some extranigral 
cases represent “a variant of senile 
dementia with more diffuse changes 
not yet defined.”” It is possible that 
these “diffuse changes” involve dam- 
age to mesocortical prefrontal termi- 
nal fields by AD lesions and that this 
process may perturb striatal activity 
and result in extrapyramidal manifes- 
tations. Although this hypothesis has 
not been examined directly, extrapy- 
ramidal rigidity in patients with AD 
has been correlated with neurofibril- 
lary tangles density in the frontal 
cortex,” and retrograde changes in the 
ventral tegmental area have been as- 
sociated with AD lesions in mesocorti- 
cal terminal fields in both Down’s syn- 
drome and AD.* This evidence is con- 
sistent with mesocortical involvement 
in AD. 

Studies of neuron counts in the ag- 
ing human brain are limited by a 
number of methodological variables, 
including secular effects, sample selec- 
tion, differences in tissue processing 
and in criteria for cells to be counted, 
and observer bias.** Predictably, there 
is disagreement regarding the precise 
effect of age on numbers of pigmented 
nigral neurons. Within the age range 
(55 to 84 years) of our control subjects, 
an age-associated reduction in the 
number of nigral neurons was not ob- 
served. This finding is consistent with 
that of one study in which senescent 
nigral neuronal loss occurred chiefly 
before the age of 50 years,* but con- 
trasts with that of another in which 
cell loss accelerated after the age of 65 
years.” In agreement with an earlier 
report,” nigral neuronal densities in 


our subjects with nonparkinsonian AD 
were comparable with those of simi- 
larly aged controls. Because reduced 
nigral neuronal densities in our cases 
always were accompanied by histo- 
pathological changes, we find no evi- 
dence that senescent nigral neuronal 
loss alone is a cause of parkinsonism in 
AD. Others have reached a similar 
conclusion for Parkinson’s disease.‘ 
However, cell morphometry may not 
reflect functional impairment, and 
other parameters (eg, neurotransmit- 
ter levels and numbers of synapses or 
receptor sites) should be addressed to 
understand the potential role of 
threshold phenomena better. 

Our study has several limitations. 
Sample sizes were relatively small. 
The subjects were highly selected vol- 
unteers; thus, it was not possible to 
generalize our findings to other aged 
and SDAT populations. The preva- 
lence of parkinsonism in our sample 
may have been underestimated by the 
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use of rigid diagnostic criteria. As 
noted, quantitative neuronal studies in 
older adults must be interpreted cau- 
tiously. 

Despite these problems, our findings 
strongly suggest that parkinsonism is 
a frequent and distinctive manifesta- 
tion of SDAT/AD, is associated with 
greater dementia severity, and has 
multiple pathoanatomical correlates. 
These correlates include coexistent 
Parkinson’s disease, nonspecific nigral 
degeneration, and the absence of ni- 
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Dementia Rating (CDR). Arch Neurol. 1988;45:31- 
32. 

16. Rajput AH, Rozdilsky B, Hornykiewicz O, 
Shannak K, Lee T, Seeman P. Reversible drug-in- 
duced parkinsonism: clinicopathologic study of 
two cases. Arch Neurol. 1982;39:644-646. 

17. Storandt M, Botwinick J, Danziger WL, 
Bert L, Hughes CP. Psychometric differentiation 
of mild senile dementia of the Alzheimer type. 
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gral lesions, with the last implying 
that extranigral (mesocortical?) pro- 
cesses may be important in some cases. 
Elucidation of a common pathophysi- 
ological basis by which the various 
mechanisms produce parkinsonism in 
AD and the relationship of this entity 
to the dementia syndrome in Parkin- 
son’s disease**’ are major issues for 
future investigation. 
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MIDAS REX® INSTITUTE 
HANDS-ON WORKSHOPS* 


NEW YORK CITY 


115 E. 61st Street (between Park and Lexington) 
“Modern Dissection Techniques Of Bone, Biometals, Bioceramics, and Bioplastics” 


AREA ATTRACTIONS: 


SIGHTSEEING—Bronx Zoo, Brooklyn Botanic Garden, Coney 
Island, Empire State Building, New York Aquarium, Staten 
Island Zoo, United Nations. 


ART—American Museum of Natural History, Bronx Museum 
of the Arts, Brooklyn Museum, Solomon R. Guggenheim 
Museum, Metropolitan Museum of Art, Museum of Modern 

Art. 


MUSIC, DANCE AND THEATER—Carmegie Hall, Lincoln 
Center, Lehman Center for Performing Arts, Metropolitan 
Opera, and a wide variety of Broadway and off Broadway 

plays in the evenings. 


NEUROSURGICAL SYMPOSIA (NEURO 700) 


Also Plastic, ENT, Craniofacial, Maxillofacial, etc. 
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OR PERSONNEL SYMPOSIUM (ORP 700) 
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AUGUST 28-29-30 


WORKSHOPS: The workshops are held each day from 
7:00 a.m. to 1:00 p.m. They will emphasize a series of struc- 
tured exercises, utilizing appropriate animal bones, skeletal 
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=— SPORTS—Baseball, football, basketball, hockey, boxing, etc. 


in season. 


ENROLLMENT: Fee (US$): Surgeon $965.00; Resident 
$585.00 (with letter from Department Head); All Operating 
Room Personnel (RN/CST/PA/Other) $250.00. Make check to 
“New York City Symposium.” Mail to: Midas Rex Institute, 
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bones, bioplastics and biometaB. 


NEUROSURGEONS—dissection skills for bonework of the 
cranium and spine, including attention to bioplastics and 
biometals applicable to neurosurgery. 


OR PERSONNEL—dissection skills 
to become familiar with the applica- 
tions of power instrumentation; dis- 
cussion of and participation in prob- 
lem solving, care, and proper main- 

tenance of power equipment. 
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Midas Rex Hands-On Workshops. 
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1,500 Neurosurgeons; 2,100 OR 
Personnel) 


l 


| hm 
M 


| 
i 


nj 





658 





Now you can implement 
a personalized 
management plan 








More Than 

a Prescription 

As you know, it takes 
more than a prescription 
to manage Parkinson’s 
disease. An individualized 
lifestyle modification program — 
encompassing diet, exercise and 
day-to-day coping strategies — is often bene- 
ficial to the patient. 








A Total Treatment Strategy 

That’s why Sandoz is bringing you PATH”. A 
comprehensive new program that expands ther- 
apy beyond drug treatment, PATH is the route 
to better management of Parkinson’s disease. 


Developed in conjunction with national 
Parkinson’s disease associations and Parkinson’s 
disease specialists, PATH involves patient, family, 
pharmacist and physician in a total treatment 
strategy. 


The PATH Program puts you and your patients 
in touch with the latest information on symptom 
control and living with symptoms. It serves as a 
useful adjunct to your clinical management and 
provides a dependable additional source of 
information for your patients and their families. 


Home/Office Video Program 

PATH begins with a videotape that describes 

the program and reviews current approaches to 
living with Parkinson’s symptoms. It can be made 
available to your patients for home or office use. 


Regular Direct-to-Patient Mailings 
Patients receive regular PATH mailings contain- 
ing practical tips on day-to-day living with 
Parkinson’s symptoms. Topics include: 
Coming to terms with Parkinson’s disease 
How to reduce stress and associated 
symptoms 

How to deal with social issues raised by 
chronic disease 

How to achieve good nutritional status 
Improving symptoms through exercise 


for ever 
Parkins 
patient 





Cliniscan“ 

The Cliniscan™ Program 
is a unique personal- 
ized assessment pro- 

gram, available to 

qualified patients. 

Cliniscan™ provides your 

patients with specific recom- 

mendations for making helpful changes in their 
lifestyles. It also helps you monitor patient 

progress and provides you with the latest infor- 
mation on the treatment of Parkinson’s disease. 


Ha 
ons 





Quarterly questionnaires detailing the impact of 
Parkinson’s symptoms on daily activities are 
completed by patients and their families. Their 
responses generate specific non-pharmacologic 
recommendations based on input from a board 
of Parkinson’s disease specialists. These are for- 
warded first to you and then to your patients. 


Enroll Your Patients Today! 

For further information, including patient enroll- 
ment forms, just fill in this coupon and return it 
to: PATH, P.O. Box 220, Hawthorne, NJ 07507. 


Or call toll free 1-800-874-PATH. 


F a 





Because it takes more than a prescription 
to manage Parkinson’s disease 


Please provide PATH patient enrollment forms 
and information to: 


Dr. 

(please print) 
Address 
City State Zip 


A Complimentary Service of 

A SANDOZPHARMACEUTICALS 
Corporation, E. Hanover, NJ 07936 (201) 503-7500 

© 1989 Sandoz Pharmaceuticals Corporation 
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Interrater Reliability of the NIH Stroke Scale 


Larry B. Goldstein, MD; Christina Bertels, PA-C; James N. Davis, MD 


@ The interobserver reliability of a rat- 
ing scale employed in several multicenter 
stroke trials was investigated. Twenty pa- 
tients who had a stroke were rated with 


this scale by four clinical stroke fellows. | 


Each patient was independently evaluated 
by one pair of observers. The degree of 
interrater agreement for each item on the 
scale was determined by calculation of the 
x Statistic. Interobserver agreement was 
moderate to substantial for 9 of 13 items. 
This rating system compares favorably 
with other scales for which such compar- 
isons can be made. However, the validity 
of this system must be established. 
(Arch Neurol. 1989;46:660-662) 


A reproducible and valid method of 
quantitating the neurologic defi- 
cit following stroke is essential for 
therapeutic trials in cerebrovascular 
disease. Asplund! reviewed the 28 ar- 
ticles published in Stroke in 1984 and 
1985 that included clinical assess- 
ments. Many of the studies employed 
rating systems of the investigators’ 
own design. Of the 16 stroke scales re- 
viewed, none had been validated. 

A stroke scale providing a high de- 
gree of interobserver agreement is 
particularly important for multi- 
center trials. In these investigations, a 
clinically significant treatment effect 
could be obscured when the biological 
variation in response is combined with 
the variation between observers. Mul- 
ticenter studies have recently been 
initiated by the National Institutes of 
Health (NIH), Bethesda, Md, to evalu- 
ate several promising new treatments 
for stroke. A neurologic rating scale 
developed by Thomas Brott, MD, and 
colleagues at the University of Cincin- 
nati (Ohio) has been modified for use in 
these studies. One version of this scale 
was employed by investigators at the 
University of Iowa, Iowa City, and 
Duke University, Durham, NC, for a 
dose-escalation study of heparinoid 


Accepted for publication December 14, 1988. 

From the Veterans Administration Medical 
Center and Department of Medicine (Neurology), 
Duke University Medical Center, Durham, NC. 

Reprint requests to Bldg 16, Room 29, Veterans 
Administration Medical Center, Durham, NC 
27705 (Dr Goldstein). 
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therapy in acute ischemic stroke.? We 
have conducted a study of the interob- 
server reliability of this rating system 
in a group of patients hospitalized with 
ischemic cerebrovascular disease. 


SUBJECTS AND METHODS 


Twenty patients admitted to Duke Uni- 
versity Hospital with neurologic deficits 
resulting from a recent stroke agreed to 
serve as subjects for the study. The patients 
were identified through an ongoing, pro- 
spective stroke registry. The observations 
were performed by four clinical stroke fel- 
lows who were not involved in the patients’ 
care. Raters were assigned in random pairs 
to indivicual patients. Evaluations were 
performed independently by the two ob- 
servers. In order to minimize the impact of 
fluctuations in the patients’ clinical status, 
the seconc set of observations immediately 
followed the first. Each patient was used for 
only one pair of evaluations. 

The NIH Stroke Scale consists of 13 items 
assessing level of consciousness, language, 
neglect, visual-field loss, extraocular move- 
ments, motor strength, ataxia, dysarthria, 
and sensory loss (Table 1). The language 
portion of the scale is derived from the 
Conversational and Expository Speech 
(Picture Presentation, Card 1), Visual Con- 
frontation Naming (Card 2), Verbal Agility 
(Card 4), and Oral Sentence-reading (Card 
6) portions of the Boston Diagnostic Apha- 
sia Examination.’ 

Interobserver agreement was assessed by 
calculating the x statistic for each item. The 
x statistic corrects for the chance agree- 
ment between a single pair of observers.‘ 
For this study, the x statistic was calculated 
based on the formula developed by Fleiss.’ 
This formula is algebraically equivalent to 
an earlier version‘ in which x is generalized 
to the case of multiple raters. The raters 
grading one subject are not assumed to be 
the same as those responsible for rating 
another.’ A rating of “untestable” was in- 
cluded as a category for the purposes of this 
calculation. The SE of x was calculated us- 
ing the formula derived by Fleiss’ and 
Fleiss et al for the case of different sets of 
raters when the number of ratings per sub- 
ject are equal. The significance of x was de- 
termined by dividing the value of x by its SE 
to form a z score.’ The degree of interrater 
agreement based on the x statistic may be 
interpreted with the following scale: <0, 
poor agreement; 0 to .20, slight agreement; 
.21 to .40, fair agreement; .41 to .60, moder- 


ate agreement; .61 to .80, substantial agree- 


ment; and .81 to 1.00, almost perfect 
agreement." 


RESULTS 


Table 2 gives the x statistic for each 
item in the scale, the SE of x, and the 
associated P value. Table 2 also gives 
the number of times an individual item 
was graded as “untestable” (there 
were 40 observations for each item). 
“Neglect” and “dysarthria” were the 
items most frequently rated as untest- 
able. The most likely explanation for 
this is the difficulty in making these 
types of assessments in patients with 
aphasia. The calculated values of x 
were significantly greater than ex- 
pected by chance’ for 11 of 13 items. 
The value of x was not significantly 
different from chance for “facial 
palsy” or “limb ataxia.” The x values 
indicate substantial agreement for 5 
items, moderate agreement for 4 
items, and fair agreement for 2 items. 
Although substantial agreement be- 
tween observers was found for 
“neglect,” this item was the most fre- 
quently coded as “untestable” (11 of 40 
observations). 


COMMENT 


The present system compares favor- 
ably with other scales for the assess- 
ment of acute stroke with regard to the 
reported levels of interobserver agree- 
ment. Table 3 gives the relative 
strengths of agreement? associated 
with the published «x values for similar 
items on three other scales. Only qual- 
itative comparisons are made, as di- 
rect comparisons of x values are 
controversial’ and are further compli- 
cated by significant differences in 
study and scale design. 

The scale described by Mathew et 
al’? has been employed in several in- 
vestigations since its original descrip- 
tion. An interobserver reliability 
study of a modified version of this scale 
has only recently been carried out." 
Statistically significant x values were 
determined for 8 of 13 items on the 
scale. Almost perfect interrater agree- 
ment was found for 1 item, moderate- 
to-substantial agreement for 4 items, 
fair agreement for 2 items, and poor 
agreement for 1 item.'' The present 
system and the scale described by 
Mathew et al have similar degrees of 
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Table 1.—NIH Stroke Scale* 


Test Scale 


Level of consciousness O (alert, keenly responsive); 1 (drowsy, but arousable by minor stimulation 
to obey, answer, or respond); 2 (requires repeated stimulation to attend, 
or lethargic or obtunded requiring strong or painful stimulation to make 
movements [not stereotyped]); 3 (responds only with reflex motor or 
autonomic effects, or totally unresponsive, flaccid, reflexless) 


Level of consciousness questions (the patient is asked the month and his O (answers both correctly); 1 (answers one correctly); 2 (answers both 
or her age; only the initial answer is graded) incorrectly or unable to speak) 


Level of consciousness commands (the patient is instructed to open or O (obeys both correctly); 1 (obeys one correctly); 2 (incorrect) 
close his or her hand or eyes; only initial responses are graded; credit is 


given if an unequivocal attempt is made but not completed) 

Extraocular movements O (normal); 1 (partial gaze palsy; score is given when gaze is abnormal in 
one or both eyes, but where forced deviation or total gaze paresis is not 
present); 2 (forced deviation or total gaze paresis not overcome by the 
oculocephalic maneuver) 


O (no visual loss); 1 (partial hemianopia); 2 (complete hemianopia) 





Visual fields (test for hemianopia using moving fingers on confrontation 
with both of patient's eyes open; double simultaneous stimulation is also 
performed; use visual threat where level of consciousness or 
comprehension limit testing, but score 1 only if clear-cut asymmetry is 
found; complete hemianopia [score of 2] is recorded for dense loss 
extending to within 5 to 10 degrees of fixation) 


Facial palsy O (normal); 1 (minor); 2 (partial); 3 (complete) 


Motor arm (patient is examined with arms outstretched at 90 degrees if O (limb holds for 90 degrees for full 10 s); 1 (limb holds 90-degree position 
sitting, or at 45 degrees if supine; request full effort for 10 s; if but drifts before full 10s); 2 (limb cannot hold 90-degree position for full 
consciousness or comprehension are abnormal, cue the patient by 10 s, but there is some effort against gravity); 3 (limb falls, no effort 
actively lifting his or her arms into position as request for effort is orally against gravity) 
given; only the weaker limb is graded) 


Motor leg (while supine, patient is asked to maintain weaker leg at 30 O (leg holds 30-degree position for 5-s period); 1 (leg falls to intermediate 
degrees for 5 s; if consciousness or comprehension are abnormal, cue position by the end of the 5-s period); 2 (leg falls to bed by 5 s, but 
the patient by actively lifting the leg into position as the request for effort there is some effort against gravity); 3 (leg falls to bed immediately with 
is orally given) no effort against gravity) 


Limb ataxia (finger-to-nose and heel-to-shin tests are performed; ataxia is O (absent); 1 (ataxia is present in one limb); 2 (ataxia is present in two 
scored only if clearly out of proportion to weakness; limb ataxia would limbs) 
be “absent” in the hemiplegic, not untestable) 


Sensory (test with pin; when consciousness or comprehension are O (normal, no sensation loss); 1 (mild to moderate; patient feels pinprick is 
abnormal, score sensory normal unless deficit is clearly recognized [eg, less sharp or is dull on the affected side; or there is a loss of superficial 
by clear-cut grimace asymmetry, withdrawal asymmetry]; only pain with pinprick but patient is aware of being touched); 2 
hemisensory losses are counted as abnormal) (severe-to-total sensation loss; the patient is not aware of being 

touched) 


O (no neglect); 1 (visual, tactile, or auditory hemi-inattention); 2 (profound 
hemi-inattention to more than one modality) 


Dysarthria O (normal); 1 (mild to moderate; patient slurs at least some words, and, at 
worst, can be understood with some difficulty); 2 (patient's speech is so 
slurred as to be unintelligible [in absence of, or out of proportion to, any 
dysphasia]) 

Language (the patient is asked to name the items on the naming sheet O (normal); 1 (mild to moderate, as follows: naming errors, word-finding 
and is then asked to read from the reading sheet [see ‘‘Subjects and errors, paraphasias, and/or impairment of comprehension or expression 
Methods” section]; comprehension is judged from responses to all of the disability); 2 (severe: fully developed Broca’s or Wernicke's aphasia [or 
commands in the preceding general neurologic examination) variant]); 3 (mute or global aphasia) 








* From Biller et al,? as adapted from Adams et al.° Each item may also be coded as ‘‘Untestable.”’ In addition, ‘Impression From Previous Examination” and ‘Impression 
From Baseline” are coded as ‘‘same,”’ “better,” or ‘‘worse.'’ These assessments were not addressed in the present study. NIH indicates National Institutes of Health, 
Bethesda, Md. 












rear ean tyne peti Hea A 
The present scale provides more reli- No. 
able measures of leg strength, visual- Item K SE (x) z P “Untestable” 
field disturbance, and sensation. Language 0.79 0.13 6.18  <.00003 o 

The ranges of «x values among six Motor leg 0.78 0.15 5.34  <.00003 0 
possible pairs of raters were reported Motor arm 0.77 0.16 49.10  <.00003 0 
for individual items in the Canadian 
Neurological Scale.? The weighted x Neglect 0.61 0.15 4.23 <.00007 11 
statistic’? was reported for items with Visual fields 0.57 0.14 4.07 <.00006 4 
more than two ordinal categories. Sensory 0.50 0.15 3.25 <.0007 2 
Therefore, comparisons between this Level of consciousness 0.50 0.16 3.14 .0008 0 
grading system and the NIH Stroke Level of consciousness commands 0.41 0.15 2.73 .0032 3 
Scale are even more tenuous. The NIH Extraocular movements 0.33 0.19 1.74 042 1 
Stroke Scale is somewhat more reli- Dysarthria 0.32. 0.13 2.44 .0073 9 
able with regard to the evaluations of Facial palsy 0.22 0.14 1.62 .053 0 
language and facial strength. This Limb ataxia —0.16 0.16 1.03 1515 2 





may in part be because facial strength * NIH indicates National Institutes of Health, Bethesda, Md. 


Arch Neurol—Vol 46, June 1989 Scale Reliability—Goldstein et al 661 












Limb ataxia 





Chance 


Table 3.—Interrater Agreement: Stroke Rating Scales* 


NIH 
Item Scale 


Language Substantial Substantial Almost perfect Moderate 
Motor leg Substantial Fair-moderate Substantial— almost perfect Moderate 
Motor arm Substantial Moderate— almost perfect Substantial— almost perfect Fair—moderate 


Mathew et al'° 


Level of consciousness questions Substantial 

Visual fields Moderate Poor Fair 

Level of consciousness Moderate = 

Level of consciousness commands Moderate 

Extraocular movements Fair Substantial 
Dysarthria Fair Moderate 
Facial palsy Chance Moderate—almost Tada Substantial 





Canadian Neurological Scale’? 


Stroke Data Bank"* 


Moderate 


* Levels of agreement are based on the published « statistics and are ne PR as described in the Shee and Methods” section. Only statistically significant 
items that are comparable to those of the NIH (National Institutes of Health, Bethesda, Md) Stroke Scale are included. 


is represented with five choices (in- 
cluding “untestable”) on the NIH 
Stroke Scale, but only two choices on 
the Canadian Neurological Scale. Sim- 
ilarly, language is represented with 
five choices on the present scale but 
only three choices on the Canadian 
Neurological Scale. 

Levels of agreement for examina- 
tion items in the Stroke Data Bank 
scale range from x = —.05 to x = .70."* 
Comparisons between the scales can be 
made for 10 items. Based on the calcu- 
lated x statistics, the present scale is 
more reliable in assessing language, 
proximal leg strength, proximal arm 
strength, visual fields, level of con- 
sciousness, and sensory disturbance. 
The Stroke Data Bank scale contains 
more reliable measures of extraocular 
movement, dysarthria, facial weak- 
ness, and limb ataxia. The Stroke Data 
Bank scale classifies the type of lan- 
guage disturbance with seven choices, 
whereas the present scale grades the 
severity of the disturbance with five 
choices. Similar (substantial) degrees 
of interrater agreement between the 
two systems are found when “lan- 
guage” is collapsed into four categories 
in the Stroke Data Bank scale.'* Again, 
the differences in reliability in other 
items may be, in part, due to the num- 
ber of gradations employed in each 
system. 

It is important to note that none of 
these scales has been fully validated 
(validity implies that the scale mea- 
sures what it was intended to). In the 
case of stroke scales, the scores should 
not only reflect the type and degree of 
neurologic deficit, but provide mea- 
sures of functional outcome as well.” 
The motor portion of the Fugl-Meyer 
assessment" and the Motor Assess- 
ment Scale for Stroke Patients? have 
high intertester reliability and have 
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been validated. However, they are ap- 
plicable only to the assessment of the 
motor deficit resulting from stroke. 

A simple, comprehensive, reliable, 
and valid stroke rating system is 
needed. This system should be sensi- 
tive to clinical changes and reflect 
functional outcome. The design of a 
scoring system that meets these com- 
peting goals remains the subject of 
discussion.'>!? The NIH Stroke Scale 
is quickly administered and has at 
least moderate interrater reliability 
for 9 of 13 items. The overall reliabil- 
ity of the scale may be improved by 
eliminating the items with low reli- 
ability, or by substituting items that 
assess similar functions with greater 
reliability from other scoring systems. 
The development of a highly reliable 
rating system may best be accom- 
plished by a careful comparison of 
several scales, using the same patients 
and the same observers in order to 
choose the most reliable items from 
each. The sensitivity of the NIH Stroke 
Scale and its capacity to reliably re- 
flect functional outcome awaits valid- 
ity testing. 
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Since the submission of the manuscript for this 
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MIDAS REX® INSTITUTE 
2929 Race Street ¢ Fort Worth, Texas 76111 
800-433-7639 © 817-831-2604 
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CONFERENCE OBJECTIVES 


I. Surgeons will explore current concepts in boneworking through lec- 
tures, conferences, and clinical procedures on video. 


OR personnel will participate in the same activities. 


II. Surgeons will participate in hands-on workshops with advanced 
pneumatic instrumentation so their boneworking problems will be 
refined, expedited, and facilitated. 


OR personnel will participate in hands-on workshops as well as give 
particular attention to equipment care and maintenance, so that 
when OR personnel have completed the course, they will have im- 

proved competence in OR support. 


III. Surgeons who have completed the symposium should be able to ap- 
ply immediately their amplified skills in the operating room to do 


their bonework per se in the time delineated:+ 
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t Procedural times refer to the actual time of running the instrument. 


Surgeons will be furnished sufficient materials and advice necessary for 
any special procedure they may envision. Plastic, Craniofacial, Max- 
illofacial, and ENT problems will be explored according to the individual 

wishes of the surgeons. 


_ CONFERENCE HOURS: Most conferences begin at 7:00 a.m. and end 
at 1:00 p.m., allowing for other activities in the afternoon and evening. 


CREDITS: Each of these conferences qualifies for AMA-CME credit. 
FEE: Surgeon — US $965.00; Resident — US $585.00 (with letter from 
department head); All Operating Room Personnel (RN/CST/PA/Other) — 


US $250.00. Enroll by check and letter. All enrollments and fee payments 
are made through the Midas Rex Office in Fort Worth. 


For additional information, call or write. 


“MODERN DISSECTION TECHNIQUES 
OF BONE, BIOMETALS, BIOCERAMICS, 


AND BIOPLASTICS” 
(NEURO 700, ORP 700) 


NEUROSURGICAL 
SYMPOSIA/HANDS-ON WORKSHOPS 
ENT, Maxillofacial, Plastic and ORL Surgeons 

should attend conferences for Neurosurgeons. 


EXTENSION SITES 


DENVER, CO, JUL. 9-10-11. FOR OR PERSON- 
NEL ONLY. Cosponsored by the Association of Sur- 
gical Technologists. (Immediately precedes the Asso- 

cation of Surgical Technologists meeting.) 


CLEVELAND, OH, AUG. 9-10-11. Cosponsored by 
The Cleveland Clinic Foundation, Department of) 
Neurosurgery. 


HILTON HEAD ISLAND, SC, AUG. 14-15-16. Co- 
sponsored by the Hilton Head Island Neurosurgical 
Symposium, 1989. (Immediately precedes the Hilton 

Head Island Neurosurgical Symposium.) 


WORCESTER, MA, AUG. 23-24-25. Cosponsored 
by Saint Vincent Hospital in affiliation with the 
University of Massachusetts Medical School, Depart- 

ment of Neurosurgery. 


PITTSBURGH, PA SEPT. 6-7-8. Cosponsored by 
the West Virginia University School of Medicine, 
Department of Neurosurgery, and Allegheny General 

Hospital, Department of Neurosurgery. 


MONTREAL, QUEBEC, CAN., OCT. 9-10-11. 
ANAHEIM, CA, OCT. 19-20-21. 


ATLANTA, GA, OCT. 26-27-28. (Immediately pre- 
cedes the Congress of Neurological Surgeons 
meetings.) 
























PERMANENT SITES 


Hands-on workshops are held weekly in the perma- 
nent facility locations listed below. For schedules of 
these courses see permanent facility announcements 
elsewhere in this journal, or you may telephone to re- 

quest a complete calendar of hands-on workshops. 


DALLAS/FORT WORTH, Home Office, 2929 
Race Street, Fort Worth, Texas. 


NEW YORK CITY, 115 East 61st Street, Lower 
Level. 


THE PALM BEACHES, 529 25th Street, West 
Palm Beach, Florida. 


CHICAGO, 728 West Algonquin Road, Arlington 
Heights, Illinois. 


LOS ANGELES/ANAHEIM, 625 West Katella, 
Unit 22, Orange, California. 

















Join the more than 7,300 enrollees who have completed the Midas Rex Hands-On Workshops 
(3,700 Orthonaedic Surgeons; 1,500 Neurosurgeons; 2,100 OR Personnel) 


August 23-24-25, 1989 


“Modern Dissection Techniques of Bone, 
Biometals, Bioceramics, and Bioplastics” 
(ORTHO 700 and NEURO 700) 


An Interdisciplinary Symposium for Neuro- 
surgeons and Orthopaedic Surgeons (Separate 
Hands-On Sessions) 


(Plastic, ENT, Craniofacial and Maxillofacial surgeons may attend the 
neurosurgical conference) 


SYMPOSIUM FORMAT 
CREDITS: 


WORKSHOPS: 7:30 a.m. - 1:30 p.m. each day. An Intensive 
series of hands-on exercises utilizing appropriate animal 
bones, skeletal bones, etc.: 


Orthopaedic Surgeons—dissection in small bones, large 
bones, spines, joint replacement, revision surgery, methyl- 
methacrylate, polyethylene, and biometals, including 

broken stem extraction. 


Neurosurgeons—dissection skills for bonework of the 
Cranium and spine, including attention to bioplastics and 
biometals applicable to neurosurgery. 


co-sponsored by the 
Department of Orthopaedic Surgery 
and the 
Department OL SUPOauTgatY 
O 


ST. VINCENT HOSPITAL 


in affiliation with 
UNIVERSITY OF MASSACHUSETTS 
MEDICAL SCHOOL 


and 


MIDAS REX® INSTITUTE 
Course Directors: Norman E. Beisaw, M.D.; 
Bernard B. Stone, M.D.; 
Susan Mitchell, Ed.D.; 
James Dukelow, Ph.D. 
CME Credit Available. 


COURSE LOCATION AND ACCOMMODATIONS: Sheraton 


Worcester Hotel and Conference Center, 500 Lincoln Street, 
Worcester, MA 01605. Phone: 800-325-3535. 


ENROLLMENT: Fee (US$): Surgeon $965.00; Resident $585.00 


(with letter from Department Head); All Operating Room Per- 
sonnel (RN/ORT/PA/Other) $250.00. Make check to “Worcester 
Symposium.” Mail to: Midas Rex Institute, 2929 Race Street, 
Fort Worth, Texas 76111. Phone: 800-433-7639 or 817-831-2604. 


Join the more than 7,100 enrollees who have completed Midas Rex Hands-On Workshops. (3,650 Orthopaedic Surgeons; 1,450 


ELECTRONYSTAGMOGRAPHY 
Short Courses for Physicians, Audiologists 


and Technicians 


Sponsored by The Methodist Hospital and the Institute of 
Otorhinolaryngology and Communicative Disorders, The 
Neurosensory Center of Houston. 


October 13, 14, and 15, 1989 


Two parallel three-day intensive courses in clinical ENG are 
offered. The technicians’ course stresses practical aspects of 
test technique, and the physicians’ course stresses clinical 
applications. Audiologists may take a specially scheduled 
program which includes parts of both the techniques and in- 
terpretation course. The courses rely heavily on tutorial 
teaching methods to allow ample opportunity for supervised 
trial-and-error learning. 


A report of each technician trainee’s performance, including 
examination scores and an evaluation of technical com- 
petence, will be given the trainee and the employer. 


Alfred C. Coats, M.D. 
and Staff 


Course Instructors: 


Limited enrollment 


$395.00 


Address inquiries to: ENG Laboratory, NA 400, The 
Methodist Hospital, 6565 Fannin, Houston, Texas 77030 
(713) 798-5925. 


Tuition: 


Neurosurgeons; 2,050 OR Personnel) 
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What will you tell her about 
screening mammography? 


Many of your patients will hear about screening mam- 
mography through a program launched by the American 
Cancer Society and the American College of Radiology, and 
they may come to you with questions, What will you tell them? 

We hope you'll encourage them to have a screening 
mammogram, because that, along with your regular breast 
examinations and their monthly self examinations, offers the 
best chance of early detection of breast cancer, a disease which 
will strike one woman in 10. 

If you have questions about breast cancer detection for 
asymptomatic women, please contact us. 


AMERICAN Protessional Education Dept American 1891 Preston White Dr 
CANCER National Headquarters Oo College of Reston, Virginia 22091 
l ark Avenue Radiology (703) 648-8900 
New York. New Yor 10016 





Prediction of Language and Neurologic Recovery After 
Cerebral Infarction With SPECT Imaging Using 


N-Isopropyl-p-(I 123) Iodoamphetamine 


David L. Bushnell, MD; Sudha Gupta, MD; Anthony G. Mlcoch, PhD; W. Earl Barnes, PhD 


è Fourteen patients (10 with left-sided 
and 4 with right-sided cerebral infarction) 
were prospectively studied with single- 
photon emission computed tomography 
(SPECT) using N-isopropyl-p-(l| 123) iodo- 
amphetamine (IMP, SPECTamine) to deter- 
mine its usefulness in predicting neurolog- 
ic/language recovery after cerebral in- 
farction. All neuro-SPECT imaging was 
performed within 30 days after infarction. 
Detailed assessment of neurologic and/or 
language recovery (after 3 months) was 
carried out prospectively in each patient. 
Patients with smaller volume IMP defects 
in the region of infarction demonstrated 
significantly better neurologic and lan- 
guage recovery than patients with large 
IMP defects. Analysis of the IMP ‘‘redistri- 
bution” phenomenon failed to demon- 
strate definitively a relationship with clin- 
ical recovery. It was concluded that the 
volume of the IMP defect can aid in pre- 
dicting recovery potential after cerebral 
infarction. 

(Arch Neurol. 1989;46:665-669) 


Precise and accurate prediction of 

neurologic and/or language recov- 
ery following cerebral infarction is 
currently not possible by using avail- 
able clinical and technical methodolo- 
gies. Early reports indicated that ad- 
vanced age (>70 years), severe motor 
deficit, impairment of consciousness, 
conjugate gaze palsy, a useless hand, 
persistent cognitive impairment, and 
an elevated blood glucose level ad- 
versely affect survival and recovery.'* 
Conflicting data exist with regard to 
age and sex for language recovery in 
patients with aphasia.’ Finally, the 
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size and location of the infarct seen on 
an x-ray computed tomographic (CT) 
scan have also been found to influence 
recovery, but there is little agreement 
with regard to the actual prognostic 
value of these parameters.'* Conse- 
quently, a reliable noninvasive method 
for evaluating postinfarction recovery 
potential would be useful. 

The recently introduced radiophar- 
maceutical N-isopropyl-p-(I 123) iodo- 
amphetamine (IMP, SPECTamine) 
has been used successfully to obtain 
physiologic brain images in patients 
with cerebrovascular disease. After 
intravenous injection, the early pat- 
tern of IMP distribution remains sta- 
ble and essentially unchanged for ap- 
proximately 1 hour, thereafter under- 
going a process of tracer redis- 
tribution, resulting in a substantial 
change in the regional IMP con- 
centrations.'*!> The initial distribution 
of this tracer in the brain is related to 
regional cerebral perfusion and 
metabolism.'*'’ It has been suggested 
that the later brain distribution (re- 
distribution) of IMP is dependent on 
regional cerebral tissue viability.'*!° In 
patients with cerebral infarction, sig- 
nificant differences in IMP activity be- 
tween early and late images (repre- 
senting the redistribution phenome- 
non) have been identified in the region 
of infarction.'*”” Perhaps most impor- 
tantly, this tracer can be used with 
widely available single-photon emis- 
sion computed tomography (SPECT)- 
imaging systems to provide three-di- 
mensional functional brain images in 
virtually any hospital setting. 

This study was therefore designed to 
assess the potential utility of SPECT/ 
IMP brain imaging in the prediction of 
language and neurologic recovery af- 
ter ischemic cerebral infarction. The 
data presented represent the results of 
this ongoing investigation. 


PATIENTS AND METHODS 


Fourteen patients with ischemic hemi- 
spheric cerebral infarction were studied 
within 1 month of onset of infarction. The 
following criteria were included for entry 


into this study: (1) age less than 70 years, (2) 
no clinical or CT evidence of previous cere- 
bral infarction or other central nervous 
system pathologic conditions, (3) a speech 
reception threshold with no more than a 
40-dB hearing threshold level unaided in 
the better ear, (4) a minimum of an eighth- 
grade level of education with the ability to 
read and write English, and (5) written in- 
formed consent. 

The SPECT/IMP-neuroimaging studies 
were performed in all patients within 1 
month of the infarction. Neurologic and 
language assessment (as detailed below) 
were made within 24 hours of the SPECT/ 
IMP study and again at 3 months after on- 
set. All clinical testing was done without 
the examiner’s knowledge of the imaging 
results. Similarly, imaging analysis was 
performed without the examiner’s knowl- 
edge of recovery status. Conventional man- 
agement for neurologic and language defi- 
cit was provided, independent of the imag- 
ing results. 

The neurologic examination was com- 
posed of assessments of each patient’s mo- 
tor and sensory systems, coordination, and 
gait. The motor assessment included an ex- 
amination of the face, upper extremities, 
and lower extremities. The sensory system 
was evaluated in three areas: (1) superficial 
touch, (2) pain sensation to pinprick, and (3) 
position sense. Coordination was tested by 
finger-to-nose and heel-to-shin maneuvers. 
Gait testing included an assessment of the 
patient’s ability to walk with and without 
assistance. Each area was rated on a four- 
point scale, with 1 indicating severe impair- 
ment and 4 indicating no impairment. Com- 
posite scores were then calculated; these 
ranged from 3 to 12 for motor and sensory 
systems, respectively, 2 to 8 for coordina- 
tion, and 1 to 4 total points for gait. These 
scores were then summed to derive an 
overall neurologic score. 

A complete language battery was admin- 
istered to all patients with aphasia. The 
battery consisted of the Porch Index of 
Communicative Ability, the Boston Diag- 
nostic Aphasia Examination, the Boston 
Naming Test, and the Raven Coloured Pro- 
gressive Matrices.?'** For the purposes of 
this study, only scores obtained from the 
Porch Index of Communicative Ability 
were employed; this test was chosen since it 
has been shown to be a highly reliable test 
of aphasia and one that has been frequently 
used to measure recovery.’ The test is 
composed of 18 subtests designed to mea- 
sure the patient’s writing, copying, reading 
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comprehension, pantomime, verbal expres- 
sion, auditory comprehension, and visual 
matching skills. Each subtest consists of 10 
common objects to which the patient is 
asked to respond in the same manner. Each 
response is rated on a 16-point multidimen- 
sional scale that measures the accuracy, 
responsiveness, completeness, promptness, 
and efficiency of the patient’s performance. 
An overall score of severity is calculated by 
taking the average rating of the 180 re- 
sponses. A percentile is then given by using 
tables provided by Porch”! (1981). The over- 
all severity percentile score was used to de- 
rive the criterion measures of language re- 
covery. The remaining tests in the battery 
will be used to perform a region-by-region 
analysis in future research. 

The SPECT/IMP neuroimaging was per- 
formed with a rotating truncated head 
gamma camera system by using a medium- 
energy collimator. Imaging was initiated 15 
minutes (early) and 4 hours (late) after in- 
travenous injection of 3 to 5 mCi of IMP (1 
123 produced by the Te [p,2n] reaction). Ad- 
ministration of this agent was performed in 
a quiet room with low-level ambient light to 
minimize the effects of sensory stimulation 
on cerebral blood flow. Images were recon- 
structed in the transverse plane parallel to 
the canthomeatal line by using a Wiener 
filter, with additional slices generated in 
the coronal planes. 

The IMP defect volume (% Ve) was calcu- 
lated for each study as the fraction of the 
volume of the involved cerebral hemisphere 
seen as an IMP defect on the early images. 
The percent decrease in count density for 
the IMP defect relative to the correspond- 
ing region of the contralateral hemisphere 
was calculated for both early and late sets 
of images and designated %De and %Dl, 
respectively. A redistribution index (RI) 
representing the relative change in IMP 
count density within the region of the early 
defect between the early and late images 
was then calculated as follows: RI = 
(% De — %D1)/% De X 100%. Finally, an 
index (% Vr) was calculated for each pa- 
tient, representing the volume of tissue 
that was seen as a defect on the early scan 
but “filled in” or redistributed with IMP on 
the late scan, expressed as a fraction of the 
volume of the entire hemisphere as follows: 
% Vr = (Ve — V1)/Vh X 100%, where Ve is 
the defect volume from the early image set, 
Vl is the defect volume from the late set, 
and Vh is the volume of the entire hemi- 
sphere in which the abnormality is found. 

Data analysis was performed by using 
criterion measures of recovery from lan- 
guage and neurologic testing (defined be- 
low) and criterion measures of brain phys- 
iology from the IMP-neuroimaging results 
(defined above). For both language and 
neurologic recovery, an overall percent re- 
covery score (% Rl and % Rn, respectively) 
was determined by calculating the percent 
improvement in functional clinical status 
from the initial language and/or neurologic 
scores to the 3-month measures as follows: 
%R = (ID — FDVID x 100%, where ID 
represents an initial deficit score, and FD 
represents the final 3-month deficit. Recov- 
ery results were then compared with the 
neuroimaging parameters (% Ve, % De, RI, 
and % Vr) by using the Mann-Whitney U 
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test (MWU) and Spearman’s rank-order 
correlation coefficient (7). For the MWU 
analysis, good language and neurologic re- 
covery was defined, in terms of % R, as 50% 
or greater improvement in the initial def- 
icit, and poor recovery was defined as less 
than 50% improvement. The level of signif- 
icance for all statistics was defined as P less 
than .05. 


RESULTS 


Table 1 summarizes the age, type of 
neurologic and language deficits, site 
and cause of infarction, and the inter- 
val between the onset of the infarction 
and the time of the SPECT/IMP scan 
for each patient. All patients were 
right-handed men who ranged in age 
from 51 to 70 years, with a mean of 62 
years. Ten patients had an infarction 
in the left cerebral hemisphere, and 
four patients had an infarction in the 
right cerebral hemisphere. The cause 
of the cerebral infarction was cardio- 
genic embolism for nine patients and 
advanced atherosclerosis for two pa- 
tients, while the exact cause of infarc- 
tion for the remaining three patients 
could not be ascertained. All 10 pa- 
tients with a left-sided cerebral in- 
farction had clinically demonstrable 
aphasia. In addition, nine of the pa- 
tients with aphasia showed right mo- 
tor-sensory hemiparesis as well. The 
remaining four patients demonstrated 
left motor-sensory hemiparesis with- 
out aphasia. Neurologic recovery 
ranged from 0% to 100%, with seven 
patients showing at least 50% im- 
provement. The degree of language re- 
covery ranged from 19% to 100%, with 
five of the patients with aphasia dem- 
onstrating 50% or more improvement. 

Of the 14 patients, two were studied 
within 7 days, five within 8 to 14 days, 
and seven within 15 to 30 days after 
infarction. Table 2 summarizes the 
IMP defect volume (% Ve), degree of 
reduced IMP activity in the defect 
(% De), the degree of IMP redistribu- 
tion (%Vr and RI), and the overall 
neurologic and language recovery 
(% Rn and %RI1) for each patient. Fi- 
nally, the SPECT/IMP results demon- 
strated regional tracer defects in all 
but one patient. The locations of the 
IMP abnormalities were consistent 
with the clinical deficits and CT scan 
findings in each case. 

Five of the seven patients with good 
neurologic recovery had values for 
% Ve of 10% or less, whereas for the six 
patients with poor recovery, five had 
values for % Ve of 25% or greater (Fig 
1). Statistical analysis that compared 
%Ve results for patients with good 
neurologic recovery vs poor recovery 
revealed a significant difference be- 
tween the two groups where patients 


with good recovery tended to have 
smaller IMP defects (MWU test, 
P = .026). In addition, a significant 
inverse correlation was found for 
% Ve relative to neurologic recovery 
(r = —.74) as illustrated in Fig 1. All 
five patients with good language re- 
covery had small IMP defects with 
%Ve less than or equal to 10%, 
whereas of the five patients with poor 
language recovery, four had % Ve val- 
ues greater than 25% (Fig 1). Asin the 
case with neurologic recovery, these 
IMP volume differences between pa- 
tients with good vs poor recovery were 
statistically significant (MWU test, 
P = .004). Furthermore, a significant 
inverse correlation (7 = —.81) between 
% Ve and language recovery was also 
found (Fig 1). The early transverse 
IMP images demonstrating a large de- 
fect in the left hemisphere from a pa- 
tient with poor neurologic and lan- 
guage recovery are shown in Fig 2. In 
contrast, Fig 3 shows an IMP defect 
that is relatively small from a patient 
with good neurologic and language re- 
covery. Finally, the severity of the ini- 
tial IMP reduction in the region of in- 
farction, % De, was not found to be re- 
lated to neurologic (MWU test, 
P = 527; r = —.14) or language (MWU 
test, P = .421; r = —.07) improvement. 

The redistribution parameter, RI, 
was found not to have a significant re- 
lationship with neurologic (MWU test, 
P = .319; r = —.14) or language (MWU 
test, P = .206; r = .42) recovery. Pa- 
tients with good recovery did not have 
a more complete IMP redistribution 
than those with poor recovery. How- 
ever, for % Vr, a nonsignificant MWU 
test result (P = .155) but a significant 
inverse correlation (r = —.58) was ob- 
tained for neurologic recovery, sug- 
gesting that there is a tendency toward 
good neurologic recovery in patients 
with smaller volumes of redistributed 
tissue. A similar relationship was not 
found for language recovery (MWU 
test, P = .095; r = —.05). An example of 
the effect of IMP redistribution in the 
region of infarction is shown in Fig 3 
for patient 3. 


COMMENT 


The early or initial brain distribu- 
tion of IMP in normal tissue is strongly 
dependent on regional cerebral blood 
flow.'*!? However, in acute neurologic 
disorders, such as stroke, the distribu- 
tion of IMP in the region of the patho- 
logic condition may be influenced more 
by the level of the cerebral metabolism 
present (as metabolism and flow are 
often uncoupled in this setting).”” In 
fact, the IMP lesion seen on early im- 
ages in acute infarction will represent 
some combination of infarcted tissue, 


Language and Neurologic Recovery—Bushnell et al 


underperfused but viable tissue (in- 
cluding the ischemic penumbra), and 
hypometabolic tissue due to deaffer- 
entation. The initial tracer distribu- 
tion in the brain after intravenous in- 
jection remains reasonably unchanged 
for approximately 1 hour. However, 
after this, a significant redistribution 
of IMP occurs with greater activity, 
accumulating in cerebral white matter 
after several hours.'*'> This later dis- 
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tribution (or redistribution) of tracer 
may be related to an IMP metabolite 
(p-iodoamphetamine) binding with 
nonspecific amine receptor sites on 
synaptosomes.* Others have sug- 
gested that the delayed distribution of 
this tracer might provide information 
with regard to tissue viability.'*!’? In 
particular, by comparing the findings 
from both the early and late images, it 
has been suggested that it might be 
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Fig 1.—At left, Plot of early iodoamphetamine (IMP) defect volume vs overall neurologic recovery 
demonstrates better recovery in patients (n = 13) with smaller defects. At right, Plot of early IMP 
defect volume vs overall language recovery (n = 10). As in the case with neurologic recovery, 
there is a definite inverse correlation between IMP defect volume and language recovery. Circles 


indicate poor recovery; triangles, good recovery. 





Fig 2.—Transverse iodoamphetamine (IMP) images in patient 2 who had 
poor overall neurologic and language recovery. Note extensive 
(%Ve = 50%) left hemispheric defect involving frontal, temporal, and 
parietal regions. Color scale is such that yellow indicates regions with 
greatest IMP concentration, and dark blue indicates lowest IMP activity. 


Arch Neurol— Vol 46, June 1989 


possible to identify tissue metaboli- 
cally underactive and/or underper- 
fused yet still viable.'*”° Recent studies 
in patients with cerebral infarction 
have demonstrated that there is often 
a significant reduction in the volume 
and severity of the IMP defect on the 
delayed images as compared with the 
early images.'* The actual physio- 
logic significance of the IMP redistri- 
bution phenomenon in the region of 
infarction is not yet clearly under- 
stood. In any event, the IMP abnor- 
malities that have been demonstrated 
to be present in the vast majority of 
patients with cerebral infarction will 
represent some aspect of altered re- 
gional cerebral blood flow, metabo- 
lism, and possibly tissue viability. 
Our results strongly support a close 
inverse relationship between the IMP 
defect volume (as seen on the early 
images) and both neurologic and lan- 
guage recovery. In a previous study 
that addressed this issue, the authors 
found no definite relationship between 
the size of the IMP defect and the 
prognosis.” However, in that study, 
the IMP-imaging technique involved 
single-slice data acquisition, and true 
IMP volumetric information that re- 
lated to the infarct was not available. 
The present study was done by using a 
rotating gamma camera that provided 
multiple adjacent slices necessary for 
volume measurements. In one other 
recent report by Raynaud et al” in 
which IMP imaging was performed in 
patients with chronic infarcts, it was 
found that the final clinical status was 
related to the volume of the IMP defect 
that extended beyond the x-ray CT le- 





Fig 3.—Transverse iodoamphetamine (IMP) image on left (early study) 
shows small (%Ve = 9%) defect at left posterior temporoparietal region 
in patient 3 who had good overall clinical recovery. Transverse IMP im- 
age at right from later (4-hour) study in same patient shows slightly 
smaller, less severe IMP defect in same region. Analysis of this partial 
IMP redistribution revealed RI = 71% and %Vr = 6%. Color scale is 
such that yellow indicates regions with greatest IMP concentration, and 
dark blue indicates lowest IMP activity. 
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Patient/Age, y Deficit 









Neurologic /Language 





1/62 RHP and aphasia 
2/54 RHP and aphasia 
3/56 RHP and aphasia 
4/66 RHP and aphasia 


5/63 RHP and aphasia 
6/67 RHP and aphasia 
7/64 LHP 

8/69 LHP 

9/55 LHP 

10/51 RHP and aphasia 
11/71 LHP 

12/66 Aphasia 

13/66 RHP and aphasia 
14/59 RHP and aphasia 


Table 1.—Neurologic and Language Deficits, Site of Lesion, Cause, and Time of SPECT/IMP Study 


After Cerebral Infarction for Each Patient * 


Site of Lesion 


L frontoparietal Cardiogenic embolism 28 
L frontal Undetermined 28 
L temporal Cardiogenic embolism 30 
L temporal Advanced atherosclerosis 30 
L parietal Cardiogenic embolism 14 
L frontoparietal Cardiogenic embolism 28 
R frontotemporoparietal Cardiogenic embolism 11 
R frontoparietal Undetermined 11 
R frontoparietal Cardiogenic embolism 10 
L frontotemporoparietal Cardiogenic embolism 14 
R frontoparietal Cardiogenic embolism 28 
L frontal Cardiogenic embolism 28 
L temporoparietal Undetermined 7 


L frontoparietal 


L carotid artery occlusion 









Time After Cerebral 
Infarction, d 


















* SPEC indicates single-photon emission computed tomography; IMP, iodoamphetamine; RHP, right hemiparesis; and LHP, left hemiparesis. 










_ * SPECT indicates single-photon emission computed tomography; IMP, iodoamphetamine; %Ve, volume de- 
fect; %De, IMP activity; RI, redistribution index; %Vr, redistribution volume; %Rn, neurologic recovery; and %RI, 


Table 2.—Results of Early and Late SPECT/IMP Scans and 
Neurologic and Language Recovery Scores for Each Patient” 
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n | % 
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NO 
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0 3 4 2 
3 9 21 71 6 100 52 
4 10 15 86 10 50 50 
5 10 21 95 10 80 94 
9 42 16 88 38 8 Pe 
10 30 41 58 18 54 33 
11 18 12 84 18 66 dot 
13 26 12 84 23 30 19 
14 0 86 100 





language recovery. For detailed explanations of these symbols, see ‘‘Patients and Methods” section. 


sion. Specifically, patients with large 
IMP defects in CT normal tissue 
showed lesser degrees of recovery. 
However, early CT images (within the 
first 3 to 4 days) in acute infarction are 
usually negative, and therefore, a com- 
parison of the IMP defect with the CT 
lesion is not possible in this setting. 
Since our results indicated a very sig- 
nificant association between early IMP 
defect volume and recovery, the IMP 
data may be used by itself to predict 
clinical outcome. 

It is possible only to speculate with 
regard to the explanation for the asso- 
ciation between recovery and the IMP 
defect volume. As discussed above, the 
early IMP defect represents some com- 
bination of infarcted tissue, underper- 
fused tissue, and tissue that is meta- 
bolically underactive due to deafferen- 
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tation. The eventual outcome of the 
tissue in the ischemic penumbra is not 
well understood. However, recent data 
from positron emission tomography 
imaging in patients with infarction 
suggested that irreversible cell dam- 
age ultimately occurs in this region.” 
Furthermore, tissue that is infarcted 
or deafferented is not likely to contrib- 
ute to future recovery of neurologic or 
language function. 

As opposed to the findings from this 
study showing a correlation between 
% Ve and recovery, the degree of se- 
verity of the initial IMP defect, % De, 
did not show a significant relationship 
with either language or neurologic re- 
covery in our group of patients. Lee et 
al” also found no relationship between 
this IMP measure and recovery but 
noted that the initial clinical presen- 





tation was more severe in those pa- 
tients with greater reductions of IMP. 
We did not evaluate this association 
since the purpose of this study was to 
determine predictors of recovery. In- 
terestingly, Defer et al”? did report a 
significant difference between early 
IMP hypoactivity values (in the region 
of infarctions) for their poor and good 
recovery groups. 

If, in fact, the early IMP images re- 
flect primarily regional perfusion and 
the late images indicate the corre- 
sponding tissue viability, then a com- 
parison of the difference in the extent 
or severity of the IMP defect between 
the early and late images might be an- 
other method of evaluating the extent 
of the underperfused yet viable tissue. 
In this study, two different methods of 
assessing the redistribution phenome- 
non were used. The redistribution in- 
dex, RI, indicates the percent change in 
IMP count density (between early and 
late images) within the region of in- 
volvement, whereas the measure % Vr 
represents the volume of tissue seen as 
a defect on the early IMP images that 
“filled in” over time (expressed as the 
fraction of the total volume of the ce- 
rebral hemisphere). Since there is no 
way of determining in advance which 
of these two methods is more “correct” 
for measuring redistribution of IMP, it 
was decided to use both in the data 
analysis to determine if either was 
predictive of clinical outcome. By using 
the RI as the indicator of the degree of 
redistribution, no statistically signifi- 
cant association was identified for ei- 
ther language or neurologic recovery. 
On the other hand, by using % Vr val- 
ues, the data suggested an inverse re- 
lation between the volume of redistrib- 
uted tissue and neurologic recovery, 
even though no such relation was 
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noted for language recovery. Conse- 
quently, conclusions cannot be reached 
from these data with regard to recov- 
ery and IMP redistribution. It is possi- 
ble that analysis of specific brain re- 
gions on the IMP images in relation to 
the corresponding neurofunction at- 
tributable to that area will be neces- 
sary to demonstrate conclusively such 
a relationship. However, it may be that 
the image resolution required for such 
an analysis might not be attainable by 
using current rotating gamma camera 
SPECT systems. The relationship be- 
tween IMP redistribution and neuro- 
logic recovery was analyzed in a recent 
retrospective study that involved 24 
patients with strokes, transient is- 
chemic attacks, or reversible ischemic 
neurologic deficit.** The findings indi- 
cated that patients with lesser degrees 
of IMP redistribution (as measured by 
using RI values) usually demonstrate 
poor clinical recovery as opposed to 
those with greater IMP redistribution. 
However, in contrast to our study, 
these investigators did not restrict 
their study population to cerebral in- 
faretion and included patients with 
transient ischemic attacks or revers- 
ible ischemic neurologic deficit (who, 
by definition, will have only complete 
recovery). In addition, the mean time 
between infarction and IMP imaging 
in their study was 31 days as opposed 
to 19 days in our study, and the ef- 
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fect of the duration of time (between 
infarction and imaging) on the de- 
gree of IMP redistribution in the re- 
gion of infarction is not known. 
In any event, early postinfarction 
imaging will ultimately be more use- 
ful, particularly if specific therapies 
eventually become available in the 
future. 

Finally, the timing of the late image 
acquisition after intravenous injection 
of IMP may be important for assess- 
ment of tracer redistribution. Sakai et 
al” found in a series of 12 patients with 
cerebrovascular disease that results 
from images obtained 2.5 hours after 
IMP injection correlated better with 
clinical outcome than results from im- 
ages obtained more than 4 hours after 
injection. Delayed imaging in the 
present study was performed 4 hours 
after injection. 

It is important to note the limita- 
tions of this study. First, the number 
of patients was limited due to the 
restrictions in obtaining informed con- 
sent. Aphasic patients with severe 
comprehension deficits and global 
aphasia could not be included, and 
some patients with right hemisphere 
involvement had mental status alter- 
ations that also precluded their entry 
into the study. However, while the 
number of patients was limited, we 
believe the reliability and accuracy of 
our recovery measures help to offset 
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From this work, it is apparent that 
the volume of the IMP defect seen on 
early postinjection images can be used 
as an aid in predicting recovery poten- 
tial after ischemic cerebral infarction. 
Whether a relationship exists between 
IMP redistribution and recovery has 
not yet been established, and further 
work with larger numbers of patients 
and shorter intervals between stroke 
and imaging are needed. 
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High-Resistance Doppler Flow Pattern in 
Extracranial Carotid Dissection 


Michael Hennerici, MD; Wolfgang Steinke, MD; Wolfgang Rautenberg, MD 


@ Internal carotid artery dissectionis an 
increasingly recognized cause of cere- 
brovascular events. The diagnosis is con- 
ventionally established on the basis of 
characteristic clinical symptoms and arte- 
riographic findings. However, the pres- 
ence of characteristic hemodynamic fea- 
tures detected by ultrasound may already 
suggest the diagnosis, even in atypical 
cases. This is demonstrated in 16 (76%) of 
22 patients with internal carotid artery 
dissection. An intense systolic low-fre- 
quency Doppler signal of alternating flow 
direction accessible in the neck, either 
along the extent of a luminal tapering 
stenosis or proximal to a severe obstruc- 
tion at the skullbase, indicated this diag- 
nosis. Resolution or decreasing stenosis 
may similarly be diagnosed noninvasively, 
as shown by results from subsequent ar- 
teriograms in 14 patients (64%). This oc- 
curred suddenly during sequential follow- 
up between 2 days and 30 weeks (mean, 
6 weeks) after the diagnosis was made. 

(Arch Neurol. 1989;46:670-67 2) 


xtracranial arterial dissection of 

the internal carotid artery (ICA), 
either spontaneous or traumatic, is at- 
tracting increasing interest as an often 
reversible cause of transient ischemic 
attack and stroke.'!! Following the 
first description by Jentzer’ many 
cases have been reported, most of them 
sporadic.'*'* This may be due to the in- 
creasing availability of high-quality 
angiography and to an improvement in 
the recognition of characteristic clini- 
cal features. Although it is uncertain 
how frequently dissection within the 
ICA occurs, in young adults it may ac- 
count for 5% or more of ischemic 
strokes without sex preponderance: 
70% of patients are between the ages 
of 35 and 50 years."'* Early reports 
based on autopsy studies suggested a 
high mortality, but recent experience 
has emphasized that patients surviv- 
ing the initial episode usually improve 
or recover. In some patients the tem- 
poral relationship of dissection to any 
traumatic event may be impressive,”'! 
and in others an association has been 
reported with diseases affecting the 
vascular architecture, such as fibro- 
muscular dysplasia,'**'* but the nature 
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of the lesion is still unclear. Many 
studies, including microscopic exami- 
nation of surgical specimens, have 
failed to establish any definite vessel 
wall abnormality.’ 

Arteriography is conventionally re- 
garded as the procedure necessary to 
establish the diagnosis. Variable find- 
ings have been reported, such as ta- 
pering luminal stenosis, which often 
extends to the base of the skull (“string 
sign”), abrupt reconstitution of the lu- 
men at the carotid canal after severe 
obstruction, and an extraluminal 
pouch (dissection pseudoaneurysm) 
distal rather than proximal to the ex- 
tracranial ICA.’ However, arteriogra- 
phy is of limited value for follow-up 
studies, which are aimed at clarifica- 
tion of the natural history and in par- 
ticular the mechanisms that have led 
to resolution or to a marked reduction 
of stenosis.” 

Noninvasive methods have the ad- 
vantage that they trace vascular pro- 
cesses neatly, but they have not so far 
been applied to carotid dissections sys- 
tematically. In this report we show 
that ultrasound analysis is particu- 
larly useful for the investigation of ca- 
rotid dissections prior to arteriogra- 
phy and during follow-up. 


PATIENTS AND METHODS 


Twenty-two patients (15 women, 7 men) 
admitted to this hospital since 1982 with a 
diagnosis of ICA dissection were included 
in the study. The women ranged in age from 
16 to 53 years (mean, 41.5 years); and the 
men, from 18 to 65 years (mean, 45 years). 
Three patients had a history of head or neck 
trauma; 6 had a history of migraine attacks 
(5, classic migraine, and 1, focal migraine); 
and 1 had repetitive cluster headaches. Risk 
factors of atherosclerosis were absent in all 
patients except 2 who reported mild hyper- 
tension and 6 who were smokers. 

All patients were studied angiographi- 
cally to confirm the diagnosis of ICA dis- 
section; in one case the carotid arteries were 
bilaterally affected. Continuous-wave Dop- 
pler ultrasound and duplex-system exami- 
nations (high-resolution 10-MHz ultra- 
sound echotomography combined with 5- 
MHz single-channel pulsed-wave-signal 
spectrum analysis) were performed prior to 
arteriography and at regular intervals af- 
ter the onset of symptoms (daily during the 
first week, twice a week during the first 
month, and once or twice a month in the 
first 6-month period). In addition, after it 
became available, a low-frequency pulsed- 
wave Doppler system was used to evaluate 
the distal extracranial segment of the ICA 


at the base of the skull and the intracranial 
segments of the major basal cerebral ar- 
teries (for details, see references 15 and 16). 

Follow-up investigations included neuro- 
logic and ultrasound examinations in all 
patients and repeated angiography in 15 
patients. 


RESULTS 
Clinical Findings 


The major initial manifestation was 
focal cerebral ischemia, which oc- 
curred in 19 patients (86% ). Transient 
symptoms were more frequent (59% ) 
than were persistent neurologic defi- 
cits (27% ), all of which were moderate 
or mild. None of the patients had 
severe deficits, and all patients re- 
mained ambulant and independent. 
The second initial manifestation was 
headache and neck pain in 14 (64% ) of 
the patients. In the patients who had a 
history of migraine attacks, the inten- 
sity and distribution of the headache 
and face pain were similar to those of 
their previous headaches. The third 
most common observation made in 11 
patients (50% ) consisted of signs of an 
oculosympathetic lesion. In 3 (14% ) of 
these patients, this was the only ab- 
normality noted, but in 6 others, head- 
ache and neck pain were combined 
with oculosympathetic symptoms in 
the absence of focal cerebrovascular 
events. 


Noninvasive Studies 


Continuous-wave Doppler-signal 
spectrum analysis and duplex-system 
examinations revealed characteristic 
signs from the ICA in 16 patients 
(76%), either at the bifurcation or 
throughout the neck toward the sub- 
mandibular region (Fig 1). This spec- 
trum pattern was characterized by an 
often-high-amplitude Doppler signal 
with markedly reduced systolic Dop- 
pler frequencies and alternating flow 
direction. The alternating Doppler sig- 
nal was further characterized by a 
small early systolic component and a 
secondary component directed toward 
the brain, on which another compo- 
nent became superimposed backward. 
This signal was thought to result from 
abnormal vessel wall pulsations and 
very low bidirectional movements of 
the blood column and was only ob- 
served in the elongated artery in the 
presence of a severe stenosis at its en- 
try of the carotid canal (type 1) or ina 
tapered vessel extending throughout 
the neck (type 2) (Fig 2). In the pres- 
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Forward 


Forward Reverse 


Reverse 





Fig 1.—Doppler spectra (left) and B-mode echotomograms (right) of a patient with internal carotid 
artery (ICA) dissection (type 2) at onset of symptoms (upper rows) and after resolution (lower 
rows). Note the initially abnormal characteristic biphasic spectrum (left) and the concentric fea- 
ture of the ICA stenosis above the bifurcation (right). 


Normal Type 2 


Type 1 


Total 


ICAD Signal 


Resolution 


Type 3 


Type 4 Type 5 


2 
23 (100%) 
16 (69%) 


15 (65%) 





Fig 2.—Features of angiographic subtypes and associated incidences of abnormal Doppler sig- 
nals and resolution in cases with internal carotid artery dissection (ICAD). 


ence of a pseudo-occlusion (type 3), this 
characteristic Doppler signal was re- 
stricted to the proximal ICA; in this 
case, it was difficult to separate from a 
subtotal occlusion of different origin. 
No characteristic features could be 
observed in patients who presented 
after the onset of symptoms with a 
complete blockage of the ICA (type 4). 
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However, in 2 patients with type 2, 3 
with type 3, and 1 with type 5 lesions, 
ultrasound examinations also failed to 
reveal characteristic features consis- 
tent with a diagnosis of ICA dissection 
(Fig 2), but diagnosis to severe steno- 
sis or occlusion was established in all 
of them. High-resolution echotomo- 
grams supported the diagnosis in le- 


sions of types 2 and 3 (Fig 1). However, 
no characteristic abnormalities could 
be detected in types 1, 4, and 5. Twelve 
patients were additionally studied by 
means of a low-frequency pulsed-wave 
Doppler system. Although with this 
technique the distal segments of the 
ICA can be examined better than with 
continuous-wave Doppler or conven- 
tional duplex-system analysis, abnor- 
mal flow velocity features indicating a 
severe stenosis at the extracranial 
base of the skull could only be detected 
twice among 8 patients (types 1 and 5). 
This was probably due to an extremely 
reduced flow velocity throughout the 
extracranial carotid system and con- 
sequent inadequate acceleration at the 
site of the major obstruction. How- 
ever, examination of the intracranial 
flow patterns from the distal ICA, the 
anterior cerebral artery, and the mid- 
dle cerebral artery revealed abnormal 
collateral flow in all patients studied: 
in 8 patients extracranial ICA dissec- 
tion was compensated from the con- 
tralateral ICA via the anterior com- 
municating arteries and retrograde 
flow in the ipsilateral anterior cerebral 
artery. In 2 middle cerebral artery pa- 
tients, perfusion was compensated 
from the basilar artery via the poste- 
rior communicating arteries, and in 2 
others both anterior and posterior seg- 
ments of the circle of Willis served as 
major collateral pathways. 

During follow-up investigations, 
resolution or decrease of the vascular 
obstruction was observed in 15 pa- 
tients (65% ) at variable intervals þe- 
tween 2 days and 30 weeks (mean, 6 
weeks). Ten (71%) of these patients 
initially revealed the characteristic al- 
ternating Doppler feature. In 3, this 
alternating signal persisted at a max- 
imum observation period of 3 years, 
indicating the continuous patency of 
the ICA. Improvement or normaliza- 
tion of the Doppler spectrum occurred 
within a few days in all cases surveyed 
within 2-day intervals. Subsequent 
arteriograms were confirmatory in 
every case. In the majority of pa- 
tients, transcranial Doppler follow-up 
studies reflected the extracranial vas- 
cular outcome. However, in two cases 
cross-flow from the contralateral ICA 
persisted despite improvement in the 
extracranial Doppler flow spectrum 
and marked resolution of the ICA as 
revealed on repeated angiograms. This 
mirrors the capacity of the test to 
identify persistent hemodynamically 
relevant obstructions, which could not 
be anticipated from the angiograms. 


COMMENT 


Extracranial dissection of the ca- 
rotid artery has become increasingly 
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recognized as an important mecha- 
nism of transient ischemic attack and 
stroke.*!! Two distinct clinical syn- 
dromes are commonly associated with 
the disease: first, hemicrania and par- 
tial Horner’s syndrome (oculosympa- 
thetic paresis), and second, hemicrania 
and delayed focal cerebral ischemic 
symptoms.”'''’ Both syndromes may 
overlap in the individual patient, with 
variable intensity and duration, and 
both may mask the original syndrome. 
Under such circumstances, the diag- 
nosis may be missed if arteriography 
has not been carried out. 

The wide application of noninvasive 
methods such as duplex system ultra- 
sound for the evaluation of the extra- 
cranial and intracranial cerebral cir- 
culation has resulted in an unexpect- 
edly high rate of detection of 
significant carotid disease.'*'’ In neu- 
rologically oligosymptomatic and even 
asymptomatic patients, such lesions 
had only occasionally been diagnosed 
by chance before the introduction of 
these harmless tests, because such pa- 
tients would not have been regarded as 
candidates for arteriography. Conse- 
quently, our knowledge of the preva- 
lence and the natural history of carotid 
atherosclerosis has since increased 
considerably. In addition, ultrasound 
methods have been introduced for vas- 
cular follow-up in many prospective 
multicenter trials using several treat- 
ment regimens. 

In analogy, ICA dissection has long 
been considered to be a rare, sporadic 
disease but has only recently attracted 
greater interest since its characteris- 
tic clinical features have been as- 
sessed. However, as with carotid ath- 
erosclerosis, ICA dissection may occur 
with minor, or without any, clinical 
signs and symptoms. Under such cir- 
cumstances, arteriography may not be 
considered and, hence, the diagnosis 
still may never be made. 

The purpose of this article is to draw 
attention to characteristic features 
seen in many patients with ICA dis- 
section screened by ultrasound exam- 
ination, which may result in a higher 
rate of detection of this diagnostic en- 
tity. These parameters are different 
from those observed in obstructive 
atherosclerosis. They consist of (1) a 
low-frequency, (2) often high-ampli- 
tude signal with (3) bidirectional sys- 
tolic flow components directed toward 
the brain and backward toward the 
aorta; (4) if this signal can be traced 
along the ICA in the neck, it is highly 
suggestive of ICA dissection. 

Pathophysiologically, this signal is 
suspected to originate from an in- 
creased distal vascular resistance re- 
sulting from the severe and lengthy 
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arterial obstruction and the structural 
wall changes caused by subintimal and 
intramedial hemorrhage. The observa- 
tion of this high-resistance Doppler 
flow pattern correlates closely with 
radiologic findings such as luminal ta- 
pering stenoses in the neck and severe 
obstructions at the base of the skull 
(lesion types 1, 2, and 5), which may 
reflect various time-dependent stages 
of a single entity rather than separate 
classes or pathomechanisms of the 
disease. Types 3 and 4 are more diffi- 
cult to detect by means of Doppler ul- 
trasound alone, because of interfer- 
ence with the diagnosis criteria estab- 
lished for carotid atherosclerosis, but 
this is also true for arteriography. For 
these conditions, however, the echo- 
tomographic B-mode display of the 
vascular structure may finally confirm 
the diagnosis because of the excellent 
accessibility of the proximal ICA and 
the better display of the arterial wall 
with regard to arteriography." 
Although this high-resistance Dop- 
pler pattern cannot yet be stated to be 
pathognomonic for ICA dissection, 
only a few other conditions might be 
considered as a differential diagnosis. 
From our experience with more than 
4000 ultrasound examinations a year, 
we remember only very few patients 
with similar ultrasound features in the 
presence of acute blockage of the in- 
tracranial ICA or a retrograde throm- 
bosis resulting from an atherosclerotic 
plaque in the carotid siphon. In these 
patients, the additional extracranial 
application of low-frequency pulsed 
Doppler systems is advisable. 
Although arteriography remains 
the definitive study for the diagnosis of 
ICA dissection, our results demon- 
strate that ultrasound, used as a 
screening test, may confirm the physi- 
cian’s clinical impression before arte- 
riography. Moreover, with increasing 
knowledge about the prevalence and 
natural history of this disease, refined 
criteria will be established for the need 
for arteriography and the optimal 
time for its performance. This is par- 
ticularly true for repeated arteriogra- 
phy after Doppler and real-time ultra- 
sound imaging during regular follow- 
ups have indicated resolution of the 
ICA dissection. A second arteriogram 
may be necessary to reveal persistent 
pseudoaneurysms, which may be asso- 
ciated with late embolism and hence 
influence therapeutic considerations. 
The rate of resolution or marked re- 
duction in stenosis observed in this se- 
ries is in agreement with that reported 
in the literature.” Also, in contrast to 
what might have been suspected, in 
most patients sequential noninvasive 
follow-up showed that both mecha- 


nisms occur within a few days rather 
than continuously over weeks and 
months. However, in a few patients a 
longer-lasting resolution became evi- 
dent from transcranial Doppler inves- 
tigations. The sensitivity of the nonin- 
vasive methods used, and their partic- 
ular capacity to differentiate between 
obstructive lesions ranging between 
50% to 100% lumen narrowing, sup- 
ports the validity of this observation. 


This study was supported in part by grant SFB 
200-D2 from the Deutsche Forschungsgemein- 
schaft. 
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Duchenne Muscular Dystrophy Manifesting Carriers: 


Paul E. Barkhaus, MD, James M. Gilchrist, MD 


e Seven unrelated women were mani- 
festing carriers of Duchenne muscular 
dystrophy. A manifesting carrier of Du- 
chenne muscular dystrophy is defined asa 
female with a history of Duchenne muscu- 
lar dystrophy in her pedigree who has 
symptomatic weakness. All were charac- 
terized by slowly progressive weakness 
that began in the second or third decade of 
life. Asymmetric weakness was present in 
only three of the seven patients. Serum 
creatine kinase values were elevated in all 
patients and none had an electrocardio- 
gram indicating ventricular hypertrophy. 
The electromyogram and muscle biopsy 
specimens w were reported as myopathic in 
all patients studied. In the absence of a 
male relative with Duchenne muscular dys- 
trophy, clinical distinction from cases of 
autosomal recessive limb girdle muscular 
dystrophy may not be possibie. The devel- 
opment of new techniques in molecular 
genetics should allow precise identifica- 
tion of manifesting carriers of Duchenne 
muscular dystrophy in the near future. 

(Arch Neurol. 1989:46:673-675) 


J )ucheane dystrophy (DD) remains 
the most common form-of muscu- 


lar dystrophy with an estimated inci- 
dence of 1 in 3300 j The in- 
cidence ot mutation is about one third 


the incidence of disease in males, ie, 
approximately 1 in 10000.' Although 
much effort has been devoted to carrier 
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detection in females, comparatively 
less attention has been given to man- 
ifesting carriers of DD (MCDD). 
Throughout the literature there have 
been variable definitions of MCDD. In 
this series, we define an MCDD as a fe- 
male with a history of DD in her ped- 
igre who has symptomatic weakness. 
We report the cases of seven unrelated 
MCDD to emphasize this manifesta- 
tion of DD in female subjects. 


REPORT OF CASES 


CASE 1.—A 58-year-old woman had onset 
of progressive weakness at bout age 25 
years when she noted problems with climb- 
ing stairs. She had two sons who died of DD. 
Her condition was complicatec by cleft pal- 
ate repair, hypertension, and atheroscle- 
rotic cardiovascular disease. No cardiomeg- 
aly was evident on electrocardiogram 
(ECG), but dysrhythmias and T-wave in- 
version were noted previously. 

Examination showed an obese woman 
who was diffusely weak, more so proxi- 
mally, and with asymmetric arm weakness, 
greater on the left. Ankle contractures and 
ealf hypertrophy were present. Tendon re- 
flexes were absent except for hypoactive 
anke jerks obtainable with reinforcement. 
Multiple serum creatine kinase (CK) values 
were elevated and electromyogram (EMG) 
was myopathic (Tables 1 and 2). 

Case 2.—Slow progressive proximal 
weakness began in this 55-year-old woman 
at age 28 years. At the time of examination, 
she could not arise from a chair without us- 
ing aer arms. Family history was remark- 
able for two brothers and a sor who died of 
DD. She had hypertension and was receiv- 
ing medication. 

Examination showed diffuse proximal 


-= weakness with some asymmetry, ie, greater 


weakness in the right hip flexors and left 
proximal arm. Calf hypertrophy was pres- 
ent. Reflexes were normal in the upper ex- 
tremities, absent in the knees and right an- 
kle, and obtainable with reinforcement 
from the left ankle. 
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The serum CK value was greatly ele- 
vated. An ECG showed an inferior infarct, 
and the EMG was myopathic. A quadriceps 
muscle biopsy specimen revealed muscle 
fiber types I and II atrophy with fiber split- 
ting. 

CASE 3.—A 36-year-old woman who had a 
son with DD noted weakness dating back to 
age 18 years when she had trouble climbing 
stairs. Progression in weakness was slow. 
In the past 2 years, she had gone from a job 
requiring ambulation to one that was sed- 
entary. She had no other complicating med- 
ical problems. 

Examination showed a waddling gait and 
she could not arise from a chair without the 
use of her arms. The left arm was much 
weaker than the right, with contractures 
secondary to a childhood accident. Ankle 
contractures and calf hypertrophy were 
present. Tendon reflexes were normal with 
reinforcement in the ankles but decreased 
to absent elsewhere. 

The ECG showed nonspecific T-waves 
changes. The serum CK value was elevated 
and the EMG finding was myopathic. A 
muscle biopsy specimen revealed marked 
muscle fiber size variation, with fibers tend- 
ing to be’round. Fiber splitting was present 
with frequent internal nuclei without. in- 
flammation. 

Case 4.—Very slowly progressive weak- 
ness began in this 58-year-old woman’s 
third decade of life. The weakness began in 
the lower extremities and later involved the 
upper extremities. She had a son who died 
of DD. She had hypertension and hyper- . 
thyroidism. 

Her weakness was asymmetric in the 
arms with the left being more involved than 
the right. She walked with a waddling gait. 
Calf hypertrophy was present but reflexes 
were absent. 

Serum CK values ranged from 1215 to 
4000 U/L. An ECG showed nonspecific ST- 
wave abnormalities with possibled antero- 
lateral infarction. The EMG finding was 
myopathic and quadriceps muscle biopsy 
specimen revealed fatty infiltration, 
rounded muscle fibers of variable size, in- 
ternal nuclei, and no inflammation. es 
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* As defined by Pearce et al.” 
tPlus sign indicates present; zero, absent. 


Table 1.—Summary of Clinical Features 














Patient/ Carrier Age at Onset Progression Distribution Calf 
Age, y Status * of eens y of Weakness of Weakness epermropnys 

1/58 Probable Slow Asymmetric 
2/55 Definite Slow Asymmetric 
3/36 Possible 1 S Slow Asymmetric 

(secondary to 

old trauma) 
4/59 Possible Slow Asymmetric. + 
5/58 Definite Slow Symmetric + 
6/60 Possible Slow Symmetric + 
7/23 Probable Symmetric 


able 2.—Summary of Laboratory Data 


Creatine 
Kinase * 


1219 


Patient 
antl LSU 


* Creatine kinase norma! falue <130 U/L. 
tO indicates not done. 


CasE 5.— A 58-year-old woman had onset 
of proximal weakness early in her 20s, most 
notably in activities such as climbing stairs 
and brushing her hair. She had one son die 
of DD and had a grandson with DD. She had 
occasional angina. 

Examination revealed mild symmetric 
proximal weakness in both arms and legs. 
Calf hypertrophy was present and contrac- 
tures were absent. Serum CK values were 
borderline elevated. An ECG was normal 
and EMG was myopathic. 

Case 6.—A 60-year-old woman who be- 
lieved she had always been slower than her 
peers had definite weakness develop in her 
fourth decade of life. She had one son die of 
DD. Her history included hypertension and 
a left radical mastectomy in 1980. 

Examination showed the knee flexors to 
be very weak with mild symmetrie weak- 
ness present in other proximal groups. Calf 
hypertrophy was present but contractures 
were not. Tendon reflex was hypoactive 
with reinforcement in the left ankle and 
absent elsewhere. 

. Serum CK values were elevated and ECG 

was normal. The EMG was myopathie. A 
muscle biopsy specimen showed many 
rounded muscle fibers of variable size with 
moderate endomysial fibrosis. 

Case 7.—Slowly progressive weakness 
had been present in this 23-year-old woman 
since age 15 years. Two brothers had DD. 
She was a DD carrier by recombinant. DNA 
linkage studies. Findings from her medical 
history were otherwise unremarkable. 

Examination showed mild symmetric 
proximal weakness. There were no contrac- 
tures or calf hypertrophy and tendon re- 
flexes were normal. Serum CK values were 
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Findings on 
Electrocardiogram 


Findings on 
Electromyogram 


Myopaihic 


Muscle Biopsy 
arenes 


Myopathic eer 
0 0 





elevated. The patient declined to undergo 
further evaluation. 


RESULTS 


Tables 1 and 2 summarize the pa- 
tients’ findings. Onset of symptoms 
ranged from the second to third decade 
of life. The patients all had a slowly 
progressive symptomatic weakness 
that was primarily proximal in distri- 
bution, including the neck flexors and 
in one patient, the neck extensors. All 
were ambulatory without use of assis- 
tive devices except for patient 1. She 
temporarily required the use of a 
walker but responded well to a weight 
reduction program that allowed her to 
resume independent ambulation. 
Asymmetry in weakness was noted in 
only patients 1, 2, and 4 (asymmetry in 
patient 3 was secondary to old 
trauma). 

No patient had facial weakness. Calf 
hypertrophy was present in all but pa- 
tient 7 who was the youngest. Tendon 
reflexes were depressed to absent in 
most patients with a tendency to spare 
the ankle jerks, a finding similar to DD 
in males. No patient showed scoliosis 
or macroglossia. Intellectual function 
was not formally assessed in these pa- 
tients, although none were obviously 
mentally retarded. Findings from the 
remainder of the neurological exami- 
nations in all patients were otherwise 
unremarkable. 



















The ECGs in patients 1, 2, and 4 
suggested cardiovascular disease: each 
of these patients was also hyperten- 
sive. The nonspecific changes in the 
ECG of patient 3 were of uncertain 
significance. No patient showed ven- 
tricular hypertrophy. Serum CK val- 
ues were elevated in all patients. 

Routine concentric EMG in all six 
patients studied was myopathie, Fi- 
brillation potentials were seen occa- 
sionally. Motor unit potentials were 
rapidly recruited for level of effort and 
were variably decreased in duration 
and amplitude but increased in com- 
plexity. Quadriceps muscle biopsy 
specimens were interpreted as myo- 
pathic in all patientsAtudied. 


COMMENT 


The purpose of this series is to em- 
phasize the MCDD as a distinct clini- 
cal entity with slowly progressive 
symptoms. One difficulty in reviewing 
the literature on MCDD is that some 
authors also include patients with ab- 
normal laboratory test results alone, 
such as serum CK or EMG. Our pa- 
tients who were MCDD"include only 
those with definite symptomatic weak- 
ness. 

Previous reports on DD in females 
have described onset of weakness both 
in childhood and adulthood.*"' The fe- 
males affected in childhood were re- 
markable for more rapid progression 
and frequent ECG abnormalities. Al- 
though DD has been described in 
young females who had chromosomal 
abnormalities (eg, XO, XO/XX/XXX 
mosaic), most reports of females with 
childhood or adult onset showed no 
abnormality when chromosome pat- 
terns were examined.*7*! 

The manifesting carriers of DD with 
symptomatic weakness beginning af- 
ter age 15 years, as described in earlier 
reports"! are clinically similar to 
the present group. However, asymmet- 
ric weakness in our group is less com- 
mon (three of seven patients) than 
that found by other authors.** Our 
group has had long-term follow-up 
with repeated clinical examinations 
(minimum 3 years) in all patients, cor- 
roborating the pattern of very slow 
progression. Calf hypertrophy is seen 
in all but one of our patients. Although 
considered a common feature of DD 
and MCDD, other investigators have 
found this unreliable.’ Familial con- 
cordance for manifesting symptoms 
has also been reported? but is not 
present in our group. Of special note 
was patient 5 whose daughter, the 
mother of a boy with DD, was clini- 
cally normal with repeatedly normal 
serum CK values. 
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Differential diagnosis of an MCDD 
in the setting of an affected male rela- 
tive is ralatively straightforward. This 
is more difficult in the absence of DD in 
a pedigree. In particular, the distinc- 
tion from autosomal recessive limb 
girdle muscular dystrophy“ may be 
problematic. Clinical examination and 
laboratory findings are of limited 
value in djfferentiating these two 
entities. Fj 

The sporadic case of a female subject 
with proximal weakness needs empha- 
sis as tc the possibility of her being an 
MCDD. The population incidences for 
both MODD and autosomal recessive 
limb girdle muscular dystrophy has 
been calculated and found to be 
similar,** implying that many patients 
with the latter may in fact be MCDD. 
Although both diseases are relatively 


benign in an affected female, genetic: - 
counseling is critical because of the 


risk for the MCDD having a male child 
with DD, a lethal disease at this time. 

There is no absolute clinical distinc- 
tion between a female MCDD and 
autosomal recessive limb girdle mus- 
cular dystrophy. The presence of prox- 
imal asymmetric weakness, calf hy- 
pertropay, markedly elevated serum 
CK values, or an abnormal ECG is 
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clinical evidence in favor of an MCDD. _ 


Careful pedigree search in such fe- 
males is necessary to look for cases of 
DD. 

Newer genetic techniques may help 
distriminate the MCDD patient from 
those with autosomal recessive limb 
girdle dystrophy. Rowland’ has sug- 
gested a mo Soe eee approach to 
DI) by considering i opathy due 
to a mutation at thd Xp2¥ locus on the 
short arm of the X chromosome. The 
product of this gene is a protein called 
dystrophin which is currently under 
study using different techniques.'*” 
Recombinant DNA linkage studies are 
helpful in establishing carriers of DD 
when there is an affected male and 
sufficient family members for study in 
a pedigree (as shown in cése 7). 

DNA deletion studies are an alter- 
native to linkage studies by locating 
deletions within the coding sequences 
of zhe DD gene using complementary 
DNA probes.QWhile the presence of a 
definite deletion would prove that an 
individual is an MCDD, the absence of 
a deletion would not absolutely exclude 
such a possibility at this time because 
of the technical limitations in examin- 
ing all of the gene’s coding sequences. 
This is particularly true when affected 
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Amantadine Treatment of Fatigue 
Associated With Multiple Sclerosis 


Ronald A. Cohen, PhD, Mare Fisher, MD 


ə Fatigue is a common symptom of 
multiple sclerosis (MS) that is without an 
effective treatment. A double-blind, con- 
trolled study of fatigue treatment was 
conducted to evaluate the efficacy of 
amantadine hydrochloride in treating MS- 
associated fatique. Since fatigue cannot 
be characterized by a single symptom or 
behavior, a variety of neuropsychological, 
behavioral, and self-report measures were 
used to monitor changes across different 
systems. According to patients’ daily diary 
ratings, amantadine produced small but 
statistically significant improvements in 
fatigue across four of seven dimensions 
(overall energy level, concentration, prob- 
lem solving, and sense of well-being). In 
addition, patients with MS who were tak- 
ing amantadine performed slightly better 
on the Stroop Interference Test, an atten- 
tional measure of freedom from distract- 
ing information. Although retrospective 
reports by patients with MS did not con- 
firm the degree of improvement recorded 
on a daily basis, the study’s results sug- 
gested that amantadine may offer modest 
benefits in alleviating the day-to-day sub- 
jective experience of fatigue. 

(Arch Neurol. 1989;46:676-680) 


While fatigue is one of the most fre- 7 


quently reported symptoms of pa- 
tients who suffer from multiple sele- 
rosis (MS), there are relatively few 
empirical investigations of MS-related 
fatigue. Historically, fatigue has 
been difficult to define, and many in- 
vestigators have offered different ex- 
planations of fatigue, ranging from an 
emphasis on events at the neuromus- 
cular junction, to a consideration of 
the motivational and emotional state 
of the individual who experiences 
fatigue.*° 
Fatigue related to MS may be due to 
the failure of the individual to main- 
tain adequate motor performance over 
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time. From this perspective, fatigue is 
considered a manifestation of the 
greater degree of effort required for 
motor activation. However, it is not 
clear that motor or neuromuscular de- 
pletion accurately represents the com- 
plaints of patients with MS who expe- 
rience fatigue. A Canadian research 
group recently defined MS-related fa- 
tigue as a sense of tiredness or lack of 
energy greater than expected for the 
degree of effort required for a task or 
the degree of disability.” This defini- 
tion implies that MS-associated fa- 
tigue is more related to changes in 
subjective experience, which illus- 
trates that fatigue may not be a uni- 
tary phenomenon. 

There are no effective treatments of 
MS-related fatigue. This is not sur- 
prising in light of the difficulties en- 
countered when defining what consti- 
tutes fatigue. Murray! reported that 
treatment with amantadine hydro- 
chloride produced fatigue improve- 
ment in 63.5% of patients in his MS 
sample. In this study, no patients who 
were receiving placebo exhibited 
marked improvement; only one 
claimed that placebo exhibited marked 
improvement, and only one claimed 
moderate improvement. A larger Ca- 
nadian study of amantadine’s effect on 
fatigue yielded more modest effects, 
although amantadine was found to 
produce statistically significant im- 
provements in patients’ reports of 
fatigue.’ Neither of these studies used 
objective neurobehavioral measures to 
assess fatigue, but rather relied on the 
retrospective subjective reports by pa- 
tients following the drug trial. 

The present ‘study was undertaken 
to investigate further amantadine’s 
effect on both subjective and objective 
measures of MS-related fatigue. Since 
fatigue may refer to a variety of symp- 
toms, a double-blind, randomized, 
crossover design drug study was de- 
veloped with patients assessed for fa- 
tigue on a broad range of neurobehav- 
ioral and self-report measures. The 
goal was to determine whether aman- 
tadine produces improvements of neu- 


robehavioral performance on tasks 
sensitive to fatigue, and also whether 
it produces changes in the subjective 
fatigue experience. 


PATIENTS AND METHODS 


Patients were included in the study if 
they satisfied criteria for a definite/prob- 
able diagnosis of MS using the criteria of 
Poser et al The diagnosis of MS was 
established at least 6 months before pa- 
tients entered the study. All patients had 
daily symptomatic fatigue for at least 3 
months. A modified Beck Depression Inven- 
tory was administered orally before enroll- 
ment, and patients who manifested moder- 
ate or major depression were excluded.” 
Since fatigue and other “vegetative” symp- 
toms are common to both depression and 
neurological illnesses like MS, these symp- 
toms were not used as a basis for exclusion. 
Other exclusion criteria included preg- 
nancy, congestive heart failure, renal or 
hepatic impairment, epilepsy, anemia, thy- 
roid disorders, diabetes mellitus, active 
gastric or duodenal ulcer, psychiatric dis- 
order, and alechol or drug abuse. Patients 
who were taking any of the following med- 
ications were also excluded: stimulants, 
sedative-hypnctics, antidepressants, major 
tranquilizers, 8-blockers, immunosuppres- 
sants, and steroids. 

For all patients, a Kurtzke rating was 
determined. Patients with a Kurtzke rat- 
ing of greater than 6 were excluded. There- 
fore, the patients who were included in the 
study exhibited mild to moderate symp- 


toms of MS. 


Fifteen normal control ‘subjects with 
ages similar to those of the patients with 
MS (mean + SD age, 38.6 + 10.7 years) 
were also studied in a baseline evaluation to 
create a comparison group for measuring 
cognitive performance and subjective mea- 
sures of fatigue. Before subjects began the 
study, the nature of the study was de- 
scribed, and informed consent was ob- 
tained. The possible side effects of the 
amantadine treatment were also explained 
to the patients with MS. 

Patients were randomly assigned to re- 
ceive either amantadine hydrochloride (100 
mg) or a placebo twice daily throughout 4 
weeks. At the end of this time, there was a 
2-week drug-free washout period. Patients 
were then crossed over and given the alter- 
native treatment with either amantadine 
or placebo for another 4-week period. The 
administration of the drug and placebo was 
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managec by a nurse who was unaware of 
the research protocol, except for maintain- 
ing a record of the research medication that 
the patient was currently receiving (bottle 
Aor bottle B). The patients were questioned 
regarding side effects when they returned 
for testing and medication after each treat- 
ment period. 

Patients maintained a daily diary in 
which they rated their experience of fatigue 
across seven dimensions three times daily. 
This procedure was followed during both 
the first and second treatment periods. Pa- 
tients were also evaluated on three separate 
occasions using neurobehavioral measures, 
along with an inventory designed to mea- 
sure the perceived effects of fatigue on daily 
living. The neurobehavioral evaluations 
were conducted before the onset of the first 
treatment period, immediately after the 
irst treatment period, and conducted im- 
mediately following completion of the sec- 
ond treatment period. 

The neurobehavioral evaluation con- 
sisted of eight neuropsychological mea- 
sures aimed at detecting fatigue during the 
performance of various tasks that involved 
memory, attention, visual-motor function- 
ing, and motor performance. All measures 
used in this assessment were modifications 
of standard neuropsychological measures.” 
“hese included the following tests: 


1. Grooved Pegboard Task (right and ` 


left): a motor speed and dexterity task. 

2. Symbol Digit Modalities Test: a mea- 
sure of the ability to encode rapidly to sym- 
tolic visual information during a sequenc- 
ing operation. 

3. Trail Making Tests: tests of the ability 
to switch responses rapidly (eg, between 
numbers and letters in a continual se- 
quence. 

4. Consonant Trigram Test: a memory 
test in which subjects must process three- 
letter stimuli, and then remember these 
letters after they perform an interference 
task of counting backward by three from a 
number that is provided. The duration of 
the interference task varies across trials (8, 
9, and 18 seconds), 

5. Stroop Interference Test!*'* a test of 
the ability to filter distracting stimuli. The 
subject names a sequence of colors. Dis- 
traction is created by a disparity between 
the actual color and the word that is pre- 
sented which identifies a different color. 

6. Controlled Word Generation Test: a 
verbal fluency task in which subjects say as 
many words as they can think of that begin 
with a given letter that is provided. 

7. Continuous Performance Task: a com- 
puter-generated task in which letters are 
pr2sented to the subject at a rapid rate, and 
th2 subject responds with a key press only 
when a particular stimulus letter appears. 
This test is a measure of vigilance and the 
ability to maintain attentional focus. 

8. Digit Span Task: a standard measure 
of the ability to recite digits in forward and 
reverse order. 

These measures were modified to allow 
for monitoring of serial variation in per- 
formance that would reflect fatigue. In ad- 
dition to these modified measures, several 
standard cognitive measures were included 
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to provide for an indication of the basal 
level of cognitive ability, including subtests 
from the Wechsler Adult Intelligence 
Seales-revised (Similarities and Block 
Design), the Wechsler Memory Seale (Ori- 
entation, Paired Associate Learning, and 
Logical Memory), the Boston Naming Test, 
and the Hooper Visual Organization Test. 

A fatigue assessment inventory was de- 
velcped to evaluate tne effects of fatigue on 
daily living. This inventory contained 42 
items, and subjects reported the extent to 
which the items represented this fatigue 
experience (from 1 = not at all to 4 = very 
representative). Therefore, a maximum 
score of 168 was possible on this scale, 
which would indicate severe distress or life 
adjustment problems as a result of fatigue. 
Representative items for this inventory in- 
cluded the following examples: 1, “I wonder 
if lll have to cancel plans”; 24, “This fatigue 
is driving me crazy”; and 34, “It’s hard to 
work with this fatigue.” The patients with 
MS zompleted the fatigue assessment in- 
ventory only during the baseline evalua- 
tion, and they had to attain a szore of 80 to 
be included in the study. 

Tke data from the study were analyzed 
using within-subject analysis of variance 
procedures. This analysis required a 
2X €X 7 design (drug X time of day X fa- 
tigue index). Diary data were averaged 
across 24 days for each treatment period of 
the study. This first and last 2 days of each 
period were omitted to give a better index 
of the course of fatigue during each period. 
The neurobehavioral measures were also 
analyzed using a within-subject analysis of 
variance, with scores on these tests being 
used as dependent measures compared 
across the three evaluations (baseline, post- 
placebo, and post-amantadine). Post-hoc 
analyses were conducted using Duncan’s 
tests. 


RESULTS 


Twenty-nine patients were included 
in tke study. The mean age of this 
group was 44.5 years (SD, &.3 years). 
There were 17 female and 12 male pa- 
tients in the original sample. Their 
mean duration of fatigue symptoms 
was 5.6 years (SD, 4.5 years). Thirteen 
of the patients were experiencing ei- 
ther a chronic deteriorating or relaps- 
ing/deteriorating course o? illness, 
while 16 patients were exhibiting ei- 
ther a benign or remitting/relapsing 
course. 


Withdrawal and Adverse Effects 


Of the original 29 patients, 7 with- 
drew ‘rom the study. Four of these pa- 
tients were taking the placebo at the 
time cf their withdrawal. Two of these 
patients reported unrelated influenza- 
like illnesses, one reported constipa- 
tion, and one withdrew because of fear 
of myocardial infarction, although he 
was not experiencing any symptoms of 


myocardial ischemia. Only three pa- 


tients withdrew from the study during 


Table 1.—Mean Diary Ratings for 
Seven Indices of Fatigue 







Mean (SE) 
indices — mereen 
of Amantadine 
Fatigue Hydrochloride Placebo P 










Energy 












level 3.04 (0.09) 2.76 (0.07) .03 
Muscle 

strength 2.94 (0.09) 2.75 (0.07) .08 
Concen- 

tration / 

memory 3.40(0.09) 2.98 (0.08) .03 
Motivation 

level 3.16 (0.09) 2.98 (0.08) .11 
Ability to . 

finish 

task 3.16 (0.09) 3.02 (0.08) .26 
Ability 

to solve 

problem 3,37 (0.10) 3.13 (0.09) .01 
Well-being 3.17 (0.08) 2.90 (0.06) .05 
Overall ` 

fatigue* 3.18 (0.04) 2.96 (0.03) . 





* Averaged across the seven indices based on a 
five-point scale (1 = poor; 5 = excellent). 


the amantadine treatment period. One 
patient reported a flare-up of MS 
symptoms; another patient reported 
an influenzalike illness, and a third 
patient complained of nausea and anx- 
iety symptoms. 

All 22 patients who completed the 
study (12 female and 10 male) con- 
formed to the protocol, and their data 
were included for further analysis. The 
average age was 44.6 years (SD, 7.9 
years), and the average duration of 
symptoms was 6.3 years (SD, 4.81 
years). The average Kurtzke disability 
rating was 4.0 (SD, 1.4). This group did 
not differ from the larger group of 
subjects with MS who had initially en- 
rolled in the study across any of these 
indices. 

Adverse side effects were noted in 
four of the patients during the aman- 
tadine treatment and in four patients 
during the placebo period. Constipa- 
tion was the only side effect reported 
by the four patients during amanta- 
dine treatment. Side effects reported 
by patients during placebo treatment 
included aggravation of dormant ulcer 
symptoms, increased anxiety, head- 
ache, changes in menses, and lack of 
muscle strength. Of the 22 patients 
who completed the study, 14 were not 
taking any other medication. Four pa- 
tients were being treated with ba- 
clofen for spasticity, another patient 
was treated with sulfasalazine for ul- 
cerative colitis, and another was tak- 
ing oxybutynin chloride and antibiot- 


. jes for bladder symptoms. 


Amantadine Treatment Effects 


An analysis of variance was com- 
puted using the daily diary fatigue 
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ratings. Seven indices of fatigue were 
analyzed to compare the amantadine 
and placebo periods for each subject 
. (Table 1). A significant difference in 
ratings between the two treatment pe- 


riods was found for four of the subjec- , 


tive fatigue indices: general energy 
level, concentration/memory func- 
tioning, ability to solve problems, and 
overall well-being. For each of these 
indices, patients reported improved 
functioning while they were taking the 
amantadine. For the three other in- 
dices (muscle strength, motivational 
level, and ability to finish a task), there 
were no significant differences be- 
tween the amantadine and placebo pe- 
riods. When the seven measures of fa- 
tigue were collapsed to produce one 
overall fatigue score, there was a trend 
toward improved overall functioning 
with the amantadine (F = 4.01 [1.21]; 
P = .058). 

Fifteen of the 22 patients produced 
higher overall ratings while they were 
receiving amantadine, derived by av- 
eraging across the seven fatigue in- 
dices. Each of the seven indices yielded 
consistent subgroups of patients who 
reported improved functioning while 
they were receiving amantadine, rang- 
ing from 68.7% to 72.2% of the total 
sample, depending on the given fatigue 
index. Treatment effects did not de- 
pend on whether amantadine was 
given during the first or second treat- 
ment period. 


Retrospective Ratings of Drug Effects 


Following completion of the study, 
subjects were asked whether they felt 
one of the treatment periods had re- 
sulted in reduced fatigue, and if ‘so, 
which one. Only 12 of the 22 patients 
reported that one of the treatment pe- 
riods was substantially better. Eight 
(36.4%) of these patients stated that 
they were less fatigued while they 
were taking amantadine. 

There was a strong relationship be- 
tween the retrospective appraisals of 
fatigue and daily diary ratings. In 
seven of the eight patients who re- 
ported fatigue improvement with 
amantadine, the daily diary had also 
reflected significant improvements. 
This correspondence indicated that 
while all the patients did not improve 
with amantadine, those who noted ret- 
rospective improvement were aware 
that they were feeling better during 
the course of the amantadine treat- 
ment period, as reflected by diary re- 
porting. 

Analyses were conducted to deter- 
mine whether the Kurtzke disability 
rating or duration of illness was asso- 


ciated with patient improvement while ` 
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Trail-Making Test, s 





Symbol Digit Modality Test score 


Continuous Performance Task 
error rate, % 
Misses 


False-positives 


Stroop test, $ 
Color Naming 


Interference * 


* Significant difference, P < .05. 


they were receiving amantadine. The 
patients’ fatigue reports did not differ 
as a function of the degree of disabil- 
ity, nor was the degree of disability 


related to any drug effects noted pre- . 


viously. Similarly, duration of illness 
and age did not correspond with either 
fatigue ratings or with drug effects on 


fatigue. 


Severity of Fatigue Symptoms 


Different types of fatigue varied in 
subjective severity (F = 6.6 [6,126]; 
P= .001). Reduced muscle strength 
and energy level were the two symp- 
toms of greatest severity, as ratings on 
these two indices were significantly 
worse than the other five fatigue in- 
dices according to Dunean’s test 
(P < .05) for both the amantadine and 
placebo periods. Motivational level, 
ability to finish a task, and general 
well-being did not differ from one an- 
other in the overall ratings. However, 
these functions were reported as more 
impaired than either concentration 
and memory difficulty or the ability to 
solve problems (P <.05). Problem 
solving, concentration, and memory 
ability were functions that were per- 
ceived as being the least impaired. 
Ratings of these functions did not 
differ significantly from one another. 
There was not an interaction between 
the type of fatigue and the drug effect, 
indicating that patients showed a sim- 
ilar pattern of response to amantadine 
across all seven fatigue indexes. In 
summary, subjects usually reported 
better ratings across all seven mea- 
sures of fatigue when they were re- 
ceiving amantadine, although the de- 
gree of improvement was not statisti- 


Table 2.~—-Eight Neurobehavioral Measures Assessed at Baseline and 
After Active and Placebo Treatments 


Neurobehavioral Amantadine 
Measures Baseline Placebo Hydrochloride 
Grooved Pegboard Task, $ 
R 133.13 118.00 113.72 
L 137.86 137.36 134.27 






40.50 


Consonant Trigram Test score 31.45 32.77 33,86 
Verbal fluency task, No. of words 42.00 46.00 46.27 


96.24 
156.29 















41.77 40.45 














81.68 
139.31 


71.88 
123.13 






cally significant for three of the in- 
dices. 


Effects of Time of Day 


Fatigue ratings varied significantly 
as a function of the time of day. The 
patients showed an increase in fatigue 
ratings as the day progressed 
(morning, 3.8; afternoon, 3.1; .and 
nighttime, 3.0). A post-hoc analysis 
using Duncan’s test revealed that all 
three times of day were significantly 
different from one another (P < .05). 
There was no interaction between 
treatment type (drug or placebo) and 
time of day, indicating that the drug 
effect did not vary depending on the 
time of day. There was also no interac- 
tion of the time of day with the type of 
fatigue, indicating that subjective re- 
ports of functioning declined across all 
seven fatigue indices during the course 
of the day. 


Neurobehavioral Measurement 


The neurobehavioral performance 
data obtained at baseline, and follow- 
ing the first and second treatment pe- 
riods, were also analyzed. For the most 
part, neurobehavioral measures of fa- 
tigue did not vary between the aman- 
tadine and placebo periods. No differ- 
ences were noted on measures associ- 
ated with memory, visual motor, 
language, or motor performance. A 
single drug effect was noted on the 
Stroop Interference Test, which mea- 
sures attention and freedom from dis- 
tractibility (F = 10.34 [1,21], P < .05).- 

Table 2 contains the mean scores of 
performance on the Stroop Interfer- 
ence Test, as well as the other neu- 
robehavioral measures across the 
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Table 3.—Comparison of MS and Control Subjects on Structural 
Neuropsychoilogical Measures * 


Verbal measures 
Comprehension 
Similarities 
Digit Spant 

Performance measures 
Block Design 
Digit Symbolt 
Boston Naming Test 
Hooper Visual Organization Test 
Wechsler Memory Scale 

Orientation subscale 

Logical Memory 
Immediate 
Delayedt 

Paired Associate 
Learning subscalet 


*MS indicates multiple sclerosis. 
tSignificant difference, P < .05. 


Mean (SD) 
LO ttt LENS, 
MS Control 


10.5 (1.6) 
9.9 (1.8) 
8.8 (2.5) 


10.8 (1.3) 
10.3 (2.0) 
10.7 (1.6) 


10.8 (1.3) 

8.6 (2.4) 
§3.6 (2.6) 
26.3 (2.4) 


11.4 (1.7) 
10.3 (4.8) 
54.0 (3.1) 
27.0 (1.4) 
4,8 (0.3) 4.7 (0.3) 


8.0 (3.1) 
§.2 (2.6) 


9.9 (2.0) 
8.6 (2.3) 





11.8 (4.2) 16.5 (3.4) 


Table 4.—-Comparison of MS and Control Subjects on Measures of 
Executive Functioring’” 


Neurobehavioral Measure 


Grooved Pegboard Task, 5 
Dominantt 


Nondominantt 


Trail Making Test, $ 
A 


Bt 


Mean 


Control 


68.7 
71.6 


Symbol Digit Modalities Test scoret 42.5 52.8 
Consonant Trigram Test scoret 30.6 39.1 i 


Verbal fluency task, No. of words 


Continuous Performance Task, error rate, % 
Missest 


False alarms 


Stroop test, s 
Color Naming 


_ Interferencet 


*MS indicates multiple sclerosis. 
łt Significant difference, P < .05. 


three evaluations of the study (base- 
line, after amantadine, and after pla- 
cebo). The times for completion of the 
Stroop Interference Test were greatest 
during the baseline assessment, and 
then declined for both the placebo and 
treatment periods. This suggests that 
there was a learning effect indepen- 
dent of the drug trial. However, a sig- 
nificant difference was noted in re- 
sponse times between amantadine and 
placebo periods for this measure 
(amantadine: mean = 123.1 seconds; 
placebo: mean = 188.3 seconds; and 
P < .05). Therefore, there was a drug 
treatment effect on this attentional 
measure. There was a trend toward a 
difference on the Stroop Color-Naming 
Task, although this difference did not 
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43.0 45.7 


4.4 1.6 
2.8 0.8 





reach statistical significance (P = .08). 
The other neurobehavioral measures 
did not differ as a function of amanta- 
dine or placebo treatment. ` 


NS Neuropsychological Deficits 


Patients with MS showed deficits on 
several of the neurcbehavioral mea- 
sures when compared with control 
subjects at baseline. Greatest impair- 
ment was found on a motor task 
(Grooved Pegboard), as shown in Ta- 
bles 3 and 4. Motor slowing occurred 
bilaterally. Slowing was also noted on 
the Trail Making Test (B), and on the 
Symbol Digit Modality Test. Mild dif- 
ficulties were found on the Consonant 
Trigram Test, which measures the 
ability to encode memory in the face of 


interference. However, performance 
on these measures was not improved 
by the amantadine treatment. Stroop 
Interference Test performance was 
also moderately impaired when com- 
pared with the healthy control sub- 
jects (MS: mean = 156.2 seconds; con- 
trol: mean = 109.4 seconds). 

Cognitive performance on other 
screening measures was not impaired 
for the group with MS. The subjects 
with MS and normal control subjects 
did not differ on measures of intellec- 
tual functioning, language, visual or- 
ganization, orientation, or general 
mental status. 


COMMENT 


The results of the present study in- 
dicate that amantadine produces im- 
provements in some aspects of MS-re- 
lated fatigue. These findings are simi- 
lar to reports from a recent Canadian 
study,’ although our study did not 
show that amantadine is effective in 
treating all aspects of fatigue. Instead, 
the drug’s efficacy depends on what 
aspect of the fatigue experience is con- 
sidered. The following four subjective 
fatigue indices improved with aman- 
tadine: energy level, sense of well- 
being, perceived attention/memory, 
and problem-solving capability. 
Amantadine failed to produce signifi- 
cantly improved ratings on those in- 
dices associated with perceived muscle 
strength, ability to finish a task, and 
motivational level. 

Amantadine’s efficacy as a treat- 
ment of fatigue is determined in part 
by how fatigue is characterized and 
measured. Since the term fatigue is 
typically used to refer to an inability to 
persevere, or exert continued motor 
effort, one must question whether 
amantadine is truly an effective treat- 
ment of MS-related fatigue. However, 
if the subjective experience of fatigue 
is assessed, amantadine produces a 
modest improvement in experiences, 
such as the perception of sustained 
cognitive capability, sense of well- 
being, and energy level. 

While some patients reported strik- 
ing improvements in their subjective 
fatigue experience, we have been un- 
able to identify clinical factors that 
delineate amantadine responders. 
Factors, such as the Kurtzke disability 
rating, duration of illness and fatigue, 
and neurological systems affected by 
MS, did not help to classify patients 
who responded to the drug. 

The lack of improvement in perfor- 
mance on most neurobehavioral mea- 
sures with amantadine indicates that 
the effects of amantadine may be pri- 
marily on the subjective experiences of 
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fatigue. Patients did show improve- 
ment on the Stroop Interference Test. 
The Stroop test requires sustained at- 
tention, and subjects are likely to fail 
on this task if they are unable to filter 
or block out competing information. 
This task is useful in diagnosing dis- 
orders in which attention and execu- 
tive control are disrupted. Amanta- 
' dine may improve the ability of pa- 
tients with MS to remain free from 
distractibility, which is consistent 
with the subjective reports of im- 
proved attentional functioning and en- 
ergy level noted by patients in their 
daily records. This finding suggests a 
link between this attentional factor 
and fatigue. 

The relationship between the cogni- 
tive processes of attention and execu- 
tive control, and the phenomenon of 
fatigue, has received only limited con- 
sideration in the past. Some research- 
ers have emphasized the concept of 
“cognitive effort” to describe the in- 
teraction of physiological systems that 
govern arousal and activation with the 
processes of attentional control. Tasks 
that require a greater utilization of 
attentional resources are likely to re- 
sult in the elicitation of increased cog- 
nitive effort.’ The neural systems 
that underlie the maintenance of 
arousal and response activation are 
also involved in the processes of atten- 
tional regulation. Disruption in 
these neural systems may account for 


the experience of increased effort as- | 


sociated with MS-related fatigue. 
Amantadine has been shown to in- 
crease dopamine release in the animal 
brain and may have influences on the 
gating of motor responses.” For this 
reason, it is used in treating the symp- 
toms of Parkinson’s disease.” Aman- 
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tadine’s effect on dopaminergic trans- 
mission and the gating of informazion 
may contribute to its effect on atzen- 
tion. 

Several secondary findings were 
noted in the study that are of clinical 
interest. We found that fatigue varied 
as a function of the time of day. While 
this effect is often noted in the clinical 
reports of patients, the present study 
provides a strong documentation of 
this phenomenon and raises the possi- 
bility that fatigue in MS may be hizhly 
related to the time of day, and the pa- 
tients’ inability to maintain optimal 
arousal or “energy level.” This finding 
suggests that circadian influences are 
important to understanding MS-re- 
lated fatigue. 

Fatigue in MS appears to be a mul- 
tidimensional experience that cannot 
be defined simply on the basis of mus- 
cle weakness or neuromuscular vari- 
ables. While muscle weakness was 
rated as the most severe symptom of 
fatigue by some patients, other symp- 
toms, including changes in motivation, 
energy level, memory/concentration, 
and problem solving, were also de- 
scribed by most patients. Ultimately, 
the specific pattern of symptoms that 
constituted the fatigue experience 


‘varied across individuals. This sug- 


gests that the assessment of MS-re- 
lated fatigue may require a compre- 
hensive set of measurements, rather 
than reliance on a single criterion. 
The failure of patients to report 
consistently reliable improvements 
following completion of the study 
raises concerns about the best meth- 
odology for assessing fatigue. Patients 
with MS were often unable to identify 
correctly amantadine as the treatment 
that had improved their fatigue symp- 
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While the present study suggests 
that amantadine is useful in treating 
certain components of fatigue associ- 
ated with MS in some patients, the 
mechanisms that underlie aman- 
tadine’s effect on fatigue are not clear. 
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Motor Paresis Improved by Sympathetic Block 


“A Motor Form of Reflex Sympathetic Dystrophy? 


Takanori Yokota, MD; Tetsuo Furukawa, MD; Hiroshi Tsukagoshi, MD 


è Fcur patients had a characteristic mo- 
tor paresis that was dramatically improved 
by sympathetic block. The cause of this 
paresis could not be determined by the 
usual neurological examinations. It was 
similar to reflex sympathetic dystrophy in 
that the patients experienced severe pain, 
swelling, coldness, and muscle atrophy in 
the affected limbs or other parts of the 
body in the course of their illness. How- 
ever, the motor paresis could precede the 
pain or develop after the pain had disap- 
peared. Even in the absence of pain, the 
motor paresis was exacerbated by sym- 
pathetic stimulation using epinephrine, 
norepinephrine (nor-adrenalin), or isopro- 
terenol hydrochloride (Proternol) loading 
and was improved by regional intravenous 
infusion of reserpine or by sympathetic 
ganglion block. Loading with pilocarpine, 
atropine sulfate (Bosmin), and edropho- 
nium chloride (Antirex) did not influence 
the paresis. This motor paresis is thought 
to be dre to abnormally increased sympa- 
thetic tone and may be considered a mo- 
tor form of reflex sympathetic dystrophy. 
However, motor paresis closely related to 
sympathetic dysfunction is quite a new 
condition that we call “sympathetic motor 
paresis.” This is important clinically be- 
cause a long-standing effect can be ex- 
pected from permanent sympathetic gan- 
glion block with dehydrated ethanol. 

(Arch Neurol. 1989;46:683-687) 


[2 the history of neurology, the rela- 
tionship between motor paresis and 
the sympathetic nervous system has 
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been given scant attention. In consid- 
ering the cause of motor paresis, neu- 
rologists tend to look for disturbances 
of the upper motoneurons, lower mo- 
toneurons, peripheral nerves, neuro- 
muscular junction, or muscle, without 
giving adequate consideration to the 
sympathetic nervous system. How- 
ever, in laboratory animals, sympa- 
thetic stimulants and blockades have 
been shown to influence neuromuscu- 
lar junction or muscle contraction as 
neuromodulators.’ Of the various 
diseases characterized by dysfunction 
of the autonomic nervous system, re- 
flex sympathetic dystrophy (RSD) is 
known to involve motor paresis,'*”’ but 
pain, the main symptom of this dis- 
ease, makes it difficult to evaluate the 
paresis. We describe four patients in 
whom motor paresis was dramatically 
improved by sympathetic block even in 
the absence of pain. 


PATIENTS AND METHODS 
Report of Cases 


CASE 1.—A previously healthy 62-year- 
olc man noted weakness in the left leg in 
October 1984. In October 1985, the weakness 
began to progress rapidly, and he was soon 
unable to walk without a cane. In February 
1986, he was admitted to our hospital for 
the first time. 

On admission, diffuse moderate muscle 
weakness and slight muscle atrophy were 
recognized in the left leg. Hvpalgesia was 
recognized in the lateral part of the left leg. 
Cranial nerves, deep tendon reflexes, and 
coordination were normal except for de- 
creased bilateral ankle jerks. The skin tem- 
perature of the left leg was lower than that 
of the right by 0.5°C to 2.0°C. Growth of the 
left toenails was slower than that on the 
rigit side. Results of a meticulous exami- 
nation including needle electromyography 
(EMG), nerve conduction velocities of me- 
dian and peroneal nerves, somatosensory 


evoked potentials by stimulation of median 
and tibial nerves, angiography of the left 
femoral artery, vascular flow and pooling 
on radionuclide angiography, and plethys- 
mography were normal. Results of histo- 
logical studies of left quadriceps muscle and 
left sural nerve biopsy specimens were also 
normal. Slight ossification of the posterior 
longitudinal ligament of C-4 and C-5 and 
disk herniation between L-3 and L-4 were 
seen on spinal computed tomography and 
myelography. 

By May 1986, he was no longer able to 
walk, even with the aid of a cane, owing to 
the exacerbation of left leg weakness. How- 
ever, lumbar epidural block with 0.125% 
bupivacaine hydrochloride (Marcain), 
which at first was expected to improve the 
coldness in the left leg, restored muscle 
strength. Frequent epidural blocks enabled 
him to walk with a cane. 

In July 1986, he began to experience 
intermittent pain in the left shoulder and 
radial side of the left arm and weakness in 
the left arm. On his second admission in 
August 1986, in addition to symptoms in the 
left leg, we saw muscle weakness and atro- 
phy in the left arm, hypalgesia, intermit- 
tent stabbing pain, and lowered skin tem- 
perature in the left shoulder and radial side 
of the left arm. A fine postural tremor was 
observed in the left arm, hand, and leg that 
was exacerbated with the attacks of pain. 
Results of autonomic investigations, in- 
cluding thermal sweat test, Valsalva’s ma- 
neuver, postural hypotension, and pupillary 
responses to instillation of epinephrine, pi- 
locarpine, and cocaine hydrochloride, were 
normal except that right carotid sinus mas- 
sage induced sinus arrest. Frequent cervi- 
cal epidural blocks and left-sided stellate 
ganglion blocks reduced the pain and the 
muscle weakness in the left arm. Left lum- 
bar sympathetic ganglion block with pure 
dehydrated ethanol dramatically improved 
the musele strength in the left leg, enabling 
the patient to run or climb stairs. 

Case 2.—A 41-year-old man experienced 
a severe stabbing pain in the left thigh for 


_ 2weeks in December 1984. After the attack 
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of pain, he was unable to run or climb stairs 
because of muscle weakness in the left leg. 
He subsequently noticed numbness and 
muscle atrophy in the leg. On first admis- 
sion, in November 1985, muscle weakness, 
atrophy, hypalgesia, and myokymic invol- 
untary muscle contraction in the left thigh 
were noted. Muscle weakness in the right 
hand was also observed: grip strength of the 
right hand was 24 kg, while that of the left 
was 42 kg. Cranial nerves, deep tendon re- 
flexes, and coordination were normal except 
for decreased left knee jerk. 

An EMG of the four extremities and bi- 
opsy of the left quadriceps femoris muscle 
disclosed chronic neurogenic changes. Re- 
sults of nerve conduction studies and so- 
ered evoked potentials were nor- 
mal. 

In April 1986, a similar stabbing pain oc- 
curred in the right shoulder and radial side 
of the right arm, and the right arm and 
hand became swollen. The muscle weakness 
in the right arm was exacerbated. On his 
second admission, in February 1987, in ad- 
dition to the symptoms of the first admis- 
sion, hypalgesia in the right shoulder, ex- 
acerbation of motor weakness in the left 
upper limb, and bilateral ptosis were noted. 
A fine postural tremor was observed in the 
right hand and fingers. Skin temperatures 
in‘the right arm and left leg were lower 
than those on the opposite sides by 0.5°C to 
1.5°C. Results of the same investigations of 
the autonomic nervous and vascular system 
as performed in patient 1 were normal. 

Frequent regional intravenous infusions 
of reserpine (Apoplon) or propranolol hy- 
drochloride (Inderal) in the right arm and 
right-sided stellate ganglion blocks reduced 
the pain and the muscle weakness in the 
right arm. Left-sided lumbar sympathetic 
ganglion block with pure dehydrated etha- 
nol markedly restored the muscle strength 
in the left leg. 

CasE 3.--A 39-year-old woman had a 
. high-grade fever (temperature, 38°C) anda 
headache on December 31, 1986, which sub- 
sided in 3 days. On January 8, 1987, she be- 
gan to experience intolerable, painful dys- 
esthesia in both shoulders and arms. On 
January 16, she consulted our hospital. 
Both arms were swollen and cold, but mus- 
cle strength and objective sensation were 
normal. The dysesthesia in the upper limbs 
was dramatically improved by regional in- 
travenous infusion of reserpine; however, 4 
days later she found that she could not lift 
heavy baggage. She was admitted to our 
hospital on February 13, 1987. 

On admission, muscle weakness and 
slight muscle atrophy were noted in the bi- 
lateral deltoid, biceps, and triceps muscles. 
A fine postural tremor was observed in the 
arms and hands. 

Cranial nerves, deep tendon reflexes, sen- 
sation, and coordination were intact. Cere- 
brospinal fluid study results were normal. 
Results of needle EMG were normal except 
for increased proportion of polyphasic po- 
tentials in the left deltoid muscle. Nerve 
conduction studies including F waves were 
normal. The investigations of the auto- 
nomic nervous and vascular system showed 
no abnormal results. Muscle weakness was 
improved and muscle atrophy was halted by 
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frequent bilateral stellate ganglion blocks. 

She noticed bilateral muscle weakness in 
the lower limbs in April 1987 and hypalge- 
sia in both shoulders, radial sides of tne 
arms, and lateral portions of the thighs in 
May. Muscle strength in the legs was mark- 
edly improved by lumbar paravertebral 
sympathetic ganglion block. 

Case 4,--A 21-year-old woman began to 
experience intermittent dull pain in the 
right leg in 1982; by March 1986, she could 
no longer run because of muscle weakness 
of the right leg following the exacerbation 
of the right leg pain. In April 1986, she 
noted slight muscle weakness in the right 
arm, and in August, she noted a dull pain in 
the right arm similar to that in the leg and 
was admitted to our hospital. 

On admission, the right arm was swollen, 
cold, and cyanotic. Skin temperatures in the 
right arm and leg were lower than those on 
the opposite side by 0.5°C to 1.5°C. Neuro- 
logical findings were normal except for 
muscle weakness and a fine postural tremor 
in the right arm and leg. The tremor was 
exacerbated by the attacks of pain. Results 
of needle EMG, nerve conduction studies, 
roentgenographic series, and spinal com- 
puted tomography were normal. The inves- 
tigations of the autonomic nervous and 
vascular system showed no abnormal re- 
sults. The pain was controlled and weak- 
ness was improved by frequent regional in- 
travenous infusions of reserpine. 

In all patients, special investigations of 
muscle strength were performed following 
loading to the autonomic nervous system. 


Systemic Loading of 
Catecholamines and Other Agents 


Epinephrine (13 ug/kg), pilocarpine (13 
pg/kg), and atropine sulfate (Bosmin) (1.3 
pg/kg) were injected subcutaneously, and 
norepinephrine bitartrate (nor-adrenalin) 
(5- to 20-ug/min) and isoproterenol hydro- 
chloride (Proternol) (1- to 4-ug/min) salu- 
tions were administered by intravenous 
drip. Edrophonium chloride (Antirex) (5 to 
10 mg) was injected intravenously. The re- 
sulting changes in blood pressure, heart 
rate, and muscle strength of the four ex- 
tremities were examined. Muscle strength 
was estimated as the best result of three 
trials of grip strength. 


Regional Intravenous Infusion 
of Adrenergic Biocking Agents 


The arm was elevated for about a minute 
to empty the veins. Then, 0.3 mg of reser- 
pine, 0.5 mg of propranolol hydrochloride, 
or 0.5 mg of phentolamine mesylate (Re- 
gitine), each administered in 20 mL of iso- 
tonic saline, with 20 mL of saline used as a 
placebo, was injected intravenously while a 
tourniquet was put on the arm. The cuff was 
released 5 to 10 minutes later. Grip 
strengths of both the hands were measured 
‘every 5 or 10 minutes for more than 1 hour. 


Stellate Ganglion Block 


Seven milliliters of 1% lidocaine hydro- 
chloride (Xylocaine) was injected around 
the anterior tubercule of C-7 of the affected 
side. Successful block was inferred by the 


immediate elevation of skin temperature of 
the hand. Muscle strength was examined in 
the same way as with regional infusion of 
sympathetic blockade. 


Electrophysiolcgical Studies 


Before and after sympathetic ganglion 
block or regionai intravenous infusion of 
reserpine, the following electrophysiologi- 
cal studies were performed: motor-nerve 
conduction velocities, distal latencies, M- 
wave amplitudes, F-wave latencies of me- 
dian and ulnar nerves, needle EMG, repet- 
itive stimulation test, and single-fiber 
EMG. 

Changes of grip strength were examined 
in 11 normal volunteers by a subeutaneous 
injection of epinephrine (13 pg/kg), re- 
gional intravenous infusion of reserpine 
(0.3 mg), and stellate ganglion block. 


RESULTS 


Loading of epinephrine, norepineph- 
rine, and isoproterenol decreased the 
muscle strength of the affected limb in 
all four patients, whereas loading of 
pilocarpine, atropine, or edrophonium 
did not influence muscle strength in 
any of the patients. After subcutane- 
ous injection of 0.7 mg of epinephrine, 
the grip strength of the left hand 
decreased in patient 1 from 30 to 12 kg, 
and he was unable to stand without 
assistance because of exacerbation of 
the left leg paresis, while blood pres- 
sure increased within 15 minutes (Fig 
1). As blood pressure recovered from 
the effect of epinephrine, muscle 
strength in the upper and lower left 
limbs gradually returned to the pre- 
load condition, and, within 1 hour, he 
was again able to walk with a cane. 
During this loading period, there was 


“no significant change in the muscle 


strength of the upper right limb. 
Regional intravenous infusion of re- 
serpine or stellate ganglion block im- 
proved muscle strength dramatically 
in all patients, whereas regional intra- 
venous saline infusion as a placebo had 
no effect on muscle strength. Figure 2 
shows that grip strength increased 
from 7 to more than 40 kg 8 minutes 
after stellate ganglion block in patient 
2. Similarly, in patient 1, grip strength 
was improved from 20 to 34 kg by the 
infusion of reserpine and stellate gan- 
glion block. In patient 3, muscle 
strength of ipsilateral deltoid, biceps, 
and triceps muscles was improved af- 
ter stellate ganglion block. In patient 
4, grip strength was improved from 6 
to 28 kg by the infusion of reserpine. 
We did not recognize any marked 
change in muscle strength with stel- 
late ganglion block in patient 4; how- 
ever, as several trials of stellate gan- 
glion block did not elevate her hand 
temperature, we could not evaluate the 
results. l 
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Fig 1.—Patient 1. Changes in grip strength and systolic blood pressure after loading of 0.7 mg 


of epinephrine by subcutaneous injection. 
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Fig 2.—Patient 2. Changes in grip strength of the right hand after right stellate ganglion block. 


Regional infusion of propranolol in- 
creased muscle strength markedly in 
patient 2 and slightly in patient 1. 
Phentolamine was slightly effective 
only in patient 2. The results of 
changes in muscle strength induced by 
various drugs are summarized in the 
Table. 

In patient 2, ipsilateral ptosis was 
improved by the stellate ganglion 
block, contrary to Horner’s syndrome, 
while ipsilateral miosis and nasal oc- 
clusion appeared (Fig 3, center). This 
might be due to the improvement of 
muscle strength of the right frontal 
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and levator palpebrae muscles. By in- 
travenous administration of reserpine 
or propranolol, bilateral ptosis was 
improved (Fig 3, bottom). 

No electrophysiological study re- 
vealed a significant difference between 
results before and after sympathetic 
block. Finally, in normal controls, no 
changes in grip strength of more than 
15% of the preload value were ob- 
served. 


COMMENT 


Four patients, two men and two 
women, with motor paresis, the cause 





of which was not elucidated by metic- — a 


ulous application of the usual neuro- 
logical examinations, experienced dra- 
matic improvement of the paresis with 
induction of sympathetic ganglion 
block or regional intravenous infusion 
of reserpine. The paresis began gradu- 
ally in the absence of preceding pain. 
When pain did precede motor paresis, 
the paresis developed usually within 1 
month of the initial pain episode. The 
paresis usually progressed gradually, 
but its intensity also fluctuated from 
day to day. Although the precipitating 
factor was not apparent in patients 2 
and 4, it might have been an upper 
respiratory infection in patient 3 and 
spondylotic change in cervical verte- 
brae and lumbar disk herniation in 
patient 1. 

The distribution of the weakness is 
principally monoparetic, and truncal- 
muscles were spared, though facial 
muscles were also affected in patient 2. 
The distribution of the affected limbs 
varied: the upper and lower left limbs 
were affected in patient 1, the upper 
and lower right limbs in patient 4, and 
all limbs in patients 2 and 3. All 
patients complained of pain in the 
course of their illness; patients 1, 2, 
and 3 complained of intermittent or 
transient stabbing pain, while patient 
4 experienced dull pain. However, the 
motor paresis itself often was not ac- 
companied by pain. Patients 1 and 3 
reported no pain in their lower limbs. 
The motor paresis preceded the pain in 
the upper limbs of patients 2 and 4. The 
motor paresis developed after the pain 
had disappeared in the lower left limb 
of patient 2 and upper limbs of patient 
3. A fine postural tremor was observed 
in the affected limbs of all patients and 
was exacerbated by the pain. The tem- 
peratures of the affected sides in pa- 
tients 1, 2, and 4 were lower than those 
of the opposite sides. Swelling was ob- 
served in patients 2, 3, and 4 in associ- 
ation with pain. Muscle atrophy was 
observed in patients 1, 2, and 3. 

Results of flow and pooling studies in 
radionuclide angiograms did not sug- 
gest a disturbance of peripheral blood 
perfusion. This is supported by the 
findings that improvement was ob- 
served even under the ischemic condi- 
tion, in which a tourniquet was put on 
during the regional intravenous infu- 
sion of reserpine. 

The psychosomatic element was ex- 
cluded because there was no placebo 
effect and no patient had a psychiatric 
problem. 

It is generally impossible to esti- 
mate muscle strength where pain is 
present. However, in our patients, mo- 
tor paresis was not influenced directly 
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Epinephrine (Bosmin), 13 ug/kg SC 


Stellate ganglion block 
Reserpine (Apoplon), 0.3 mg RIV 
Propranolol hydrochloride (Inderal), 0.5 mg RIV 





Atropine sulfate, 1.3 ug/kg SC 
Edrophonium chloride, 5-10 mg IV 





* SC indicates subcutaneous injection; DIV, dripped intravenous (IV) infusion; and RIV, regional IV infusion. 





Fig 3.—Top, Picture of patient 2. Bilateral pto- 
sis was observed. Center, After right-sided 
stellate ganglion block, ipsilateral ptosis and 
muscle strength of fronal muscle were im- 
proved. Ipsilateral miosis and nasal occulsion 
were recognized. Bottom, After intravenous in- 
jection of 0.3 mg of reserpine bilateral ptosis 
and muscle strength of frontal muscle were im- 
proved. 


by pain because the paresis might not 
be accompanied by pain. Even in the 
absence of pain, this motor paresis was 
exacerbated by catecholamine loading 
and improved by sympathetic ganglion 
block with local anesthesia or by re- 
gional intravenous infusion of reser- 
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Norepinephrine (nor-adrenalin), 5-20 ug/min DIV 
Isoproterenol hydrochloride (Proternol), 1-4 ug/min DIV 


Markedly exacerbated Exacerbated 
Markedly exacerbated 
Markedly exacerbated 
Markedly improved 


Markedly improved 


Pilocarpine, 13 uwq/kg SC Unchanged Unchanged Unchanged Unchanged 


Improved Markedly improved 
Unchanged Improved 
Unchanged Unchanged 
Unchanged Unchanged 


pine. On the other hand, loading of 
neither pilocarpine, which has a slight 
nicotinic effect, nor edrophonium 
changed muscle strength. In addition, 
the temperatures of the affected limbs 
were lower than those of the opposite 
sides. Therefore, we believe that the 
cardinal cause of this motor paresis is 
abnormally increased sympathetic 
tone. However, which adrenergic sys- 
tem was predominantly abnormal was 
not determined by the pharmacologi- 
cal responses. 

Although the clinical pictures in our 
patients were not homogeneous, we 
noted the following common features 
of this motor paresis: (1) slight or 
moderate monoparesis; (2) catechola- 
mine loading-induced exacerbation of 
the paresis; (3) sympathetic block- 
induced improvement of the paresis; 
(4) pain in the affected limb or other 
part of the body, which did not usually 
accompany paresis; (5) lowered skin 
temperature and fine postural tremor 
in the affected limb; and (6) lack of any 
other neurological, psychiatric, or vas- 
cular disturbance to explain the pare- 
sis. 

Reflex sympathetic dystrophy is a 
condition of abnormally increased 
sympathetic tone. In 1864, Mitchell et 
al! observed that soldiers with gun- 
shot-wound injuries of peripheral 
nerves sometimes had persistent burn- 
ing pain and progressive trophic 
changes in the affected limb, and the 
condition was later called causalgia. 
Although several similar clinical syn- 
dromes have been given different des- 
ignations, the term RSD is commonly 
used.” These conditions are charac- 
terized by persistent burning pain and 
hyperpathia, with vasomotor, sudomo- 
tor, and trophic changes, and respond 
to sympathetic block. Although pare- 
sis is observed occasionally in RSD and 
improved by sympathetic block with 
relief of pain,'*'’ pain makes an evalu- 
ation of the effect of the block on pare- 
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Exacerbated 





Markedly exacerbated 
Exacerbated 





Exacerbated 






Exacerbated Exacerbated 











Improved Not diagnostic 
Improved Markedly improved 
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Unchanged Unchanged 







Unchanged Unchanged 
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sis difficult. Although motor paresis in 
our patients was not necessarily ac- 
companied by pain, other symptoms, 
ie, pain, swelling, lowered skin tem- 
perature, and muscle atrophy, were 
similar to those in RSD. In addition, 
since the motor paresis was improved 
by sympathetic block, this could be 
considered a motor form of RSD. 

Many hypotheses have been pro- 
posed to explain the mechanism re- 
sponsible for RSD. Not only abnormal- 
ities in the peripheral nerves but also 
spinal* or supraspinal** mechanisms 
have been postulated. There is also ev- 
idence for a norepinephrine control of 
spinal nociceptive neurons.” However, 
little is known concerning the central 
mechanism whereby the autonomic 
nervous system influences motor func- 
tion. 

On the other hand, sympathetic 
stimulants and blockades are known to 
influence the neuromuscular junction 
or muscle contraction. One influence of 
sympathetic nerve on skeletal muscle 
is the antifatigue action known as the 
Orbeli effect.'? The fatigue phenome- 
non of fast-contracting muscle, which 
is observed in repetitive stimulation of 
the motor nerve, is reduced by sympa- 
thetic ganglion stimulation. On the 
other hand, Wiertz-Hoessels’ observed 
paralysis of the hindleg in rabbits in- 
duced by irritation of sympathetic 
ganglion by repeated phenol injection. 
He concluded that the weakness is ini- 
tially due to functional and then some- 
time later subtle structural alteration 
at the motor end plate. Although this 
is attractive as an experimental model 
of the paresis in our patients, we doubt 
whether the sympathetic ganglion is 
stimulated by phenol injection. 

The relationship between catechola- 
mines and skeletal muscle has been 
studied in laboratory animals. The 
3,-adrenergic receptor has been found 
to exist on the cell membrane of skel- 
etal muscle.*° Stimulation of 8,-adren- 
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ergic receptors increases contraction 
of white, fast-contracting muscle’ and 
reduces that of red, slow-contracting 
muscle.*’ Epinephrine facilitates neu- 
romuscular transmission, the effect of 
which appears to involve both a- and 
G-adrenergic receptors. Stimulation of 
a-adrenergic receptors causes a rapid 
increase in transmitter release from 
the somatic motoneuron, presumably 
as a result of enhanced influx of 
calcium. Stimulation of 8-ad- 
renergic receptors may increase cyclic 
adenosine monophosphate presynapti- 
cally, thereby facilitating the release 
of neurotransmitter.'' Large doses of 
propranolol block neuromuscular 
junctions, while small doses may cause 
facilitation. 

It is suspected in our patient that the 
cause of this motor paresis might lie in 
a disturbance of neuromuscular junc- 
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tion or receptor of skeletal muscle, be- 
cause regional intravenous infusion of 
adrenergic blocking agents in the pe- 
ripheral part of the limb improved the 
paresis. Normal results in the repeti- 
tive stimulation test and single-fiber 
EMG and the lack of improvement 
with edrophonium indicate that this 
paresis differs from that seen in my- 
asthenia gravis. Weinstein et al” re- 
ported a resolution of proximal myop- 
athy within 1 week of the initiation of 
oral propranolol therapy in a patient 
with hyperthyroidism and implied a 
role for 8-adrenergic receptor in neu- 
romuscular function. The motor pare- 
sis in our patients differed from that in 
Weinstein’s patient in that this was a 
monoparesis in a local area of hyper- 
sympathetic state, and in that this 
showed a more direct and significant 
response to sympathetic stimulants 
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and blockers. However, they might 
have a partially common mechanism. 
Motor paresis directly related to 
sympathetic dysfunction is quite a new 
condition that we call “sympathetic 
motor paresis.” It is difficult to suspect 
this condition when the paresis pre- 
cedes the pain. However, this motor 
paresis is important clinically since it 
is markedly improved by sympathetic 
block. Especially in the lower limb, a 
long-standing effect can be obtained 
from a permanent block of paraverte- 
bral sympathetic ganglion with dehy- 
drated ethanol. 
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Reduced Cerebellar Hemisphere Size and 
Its Relationship to Vermal Hypoplasia in Autism 
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Rachel Yeung-Courchesne; John R. Hesselink, MD 


e Cerebellar hemisphere size was cal- 
culated in 10 autistic and 8 normal control 
subjects by summing the cross-sectional 
areas of cerebellar hemisphere tissue 
measured on paramidline sagittal mag- 
netic resonance images. The areas of two 
cerebellar verma/ regions (lobules | 
through V and lobules VI through VII) were 
also measured using the midsagittal im- 
age. Our cumulative slice area measure of 
cerebellar hemisphere size was signifi- 
cantly smaller in the autistic subjects than 
in the control group. The cumulative slice 
area correlated positively with the area of 
vermal lobules VI through VII only in the 
autistic subjects. Our results indicated 
that the decreased size of the cerebellar 
hemispheres and vermal lobules VI 
through VII was associated with autism. 

(Arch Neurol. 1989;46:689-694) 


The possibility that autism is associ- 

ated with neuroanatomical abnor- 
malities has been investigated in sev- 
eral postmortem and in vivo studies,!” 
and the most consistent site of abnor- 
mality is the cerebellum.**'° For ex- 
ample, reduced numbers of cerebellar 
Purkinje neurons were seen at post- 
mortem examination of the brains of 
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six autistic individuals**’; a reduced 
number of cerebellar granule cells 
were also reported in one of these 
patients.’ In addition, results of in vivo 
magnetic resonance imaging (MRI) 
studies have indicated that autism is 
frequently associated with develop- 
mental hypoplasia of cerebellar ver- 
mal lobules VI and VII, which consti- 
tute the neocerebellar portion of the 
vermis.*ć The area of cerebellar vermal 
lobules VI and VII was, on average, 
19% smaller in a group of 18 autistic 
subjects than in a group of 12 normal 
controls. The pattern of vermal hy- 
poplasia in autism differed from 
several other congenital and ac- 
quired cerebellar disorders, including 
Arnold-Chiariand Dandy-Walker mal- 
formations, and cerebellar infarc- 
tion.>*!!-!6 

To determine whether a cerebellar 
abnormality in autism involves the 
hemispheres in addition to the vermis, 
we quantified the size of the cerebellar 
hemispheres in a group of 10 autistic 
subjects and 8 normal controls using in 
vivo MRI. Results from the autistic 
and normal control groups were com- 
pared statistically. The measure of 
cerebellar hemisphere size was then 
correlated with the areas of two sepa- 
rate vermal regions (lobules I through 
V and VI through VII) and with the 
maximum lateral width of the cerebel- 
lum in each subject. 


SUBJECTS AND METHODS 
Subjects 


Nine autistic and 7 normal subjects were 
selected from a group of 18 autistic and 12 
control subjects, respectively, who had been 
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examined earlier’; our subject selection 
procedure was described in that report.‘ 
One additional autistic and one additional 
normal control subject were examined in 
this study. Our autistic subjects had no 
history of cerebral palsy, epilepsy, severe 
mental retardation, genetic abnormality, 
or other neurological disease. All autistic 
subjects, except one, had no history of 
long-term use of anticonvulsant or anti- 
psychotic medication; the one exception 
took haloperidol (Haldol) for 3 years before 
scanning. Of the eight normal controls, 
three were normal volunteers, and five were 
patients who underwent scanning at the 
Magnetic Resonance Institute, University 


Table 1.— Subject IQ and 
Age/Gender Information * 


Subject Age, y/Gender 


Autistic 





*The mean + SD IQ (average) by Wechsler intel- 
ligence scales (Wechsler Adult Intelligence Scale- 
revised or Wechsler Intelligence Scale for Children) 
was as follows: verbal, 83 + 23; performance, 
90 + 20; and full scale, 86 + 22. 

tSubject was not examined in our previous study.® 
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of California at San Diego, La Jolla, for 
reasons, such as head and neck pain, de- 
pression, and neurogenic bladder. Table 1 
presents the average IQ data for the autis- 
tic subjects and the age and gender data for 
both subject groups. 


MRI Protocol 


After obtaining appropriate informed 
consent, MRI examinations were per- 
formed using a 1.5-T magnet (GE Signa, 
Milwaukee, Wis). The data matrix was 
256 X 256 at a field of view of 24 cm that 
yielded a pixel size of 0.94 X 0.94 mm. Im- 
ages were acquired following either two or 
four excitations. A multisection spin echo 
sequence (repetition time of 2000 ms and 
echo times of 25 and 70 ms) was performed 
in the axial plane, and a multisection T,- 
weighted sequence (repetition time of 600 
ms and echo time of 25 ms) was performed 
in the sagittal plane centered at the mid- 
line. The sections were 5 mm thick; consec- 
utive slices were separated by a 2.5-mm- 
thick interslice gap. Due to the short repe- 
tition time required, the T,-weighted pulse 
sequence did not permit the entire cerebel- 
lum to be surveyed. The central 65 mm of 
the cerebellum was imaged in this sagittal 
sequence. These scans are the same ones 
used in our previous report on the cerebel- 
lar vermis.‘ 


Cerebellar Hemisphere Quantification 


The cerebellar hemisphere size was quan- 
tified using sagittal images, including 65 
mm of cerebellar hemisphere tissue cen- 
tered on the midsagittal plane. The cross- 
sectional cerebellar hemisphere area dis- 
played on each sagittal image was mea- 
sured by computer-assisted planimetry. 
The measured cross-sectional cerebellar 
hemisphere areas were then summed to 
give a cumulative slice area that repre- 
sented our measurement of cerebellar 
hemisphere size. This measurement specif- 
ically excluded the cerebellar vermis. 

The lateral cerebellar width was deter- 
mined by measuring the greatest lateral 
dimension of the cerebellum displayed on a 
single axial MRI in all subjects, except one. 
A coronal image (acquired with identical 
scan parameters to the axial images) was 
measured in one normal subject whose ax- 
ial images were degraded by motion. 


Cerebellar Vermis Quantification 


In our previous report, we found evi- 
dence of hypoplasia of vermal lobules VI 
and VII in members of our autistic subject 
group relative to our normal control group; 
vermal lobules I through V were similar in 
size in the autistic and normal groups. To 
characterize the relationship between these 
abnormal and normal vermal regions and 
the cerebellar hemisphere size and lateral 
width measures, we remeasured the vermis 
in both subject groups. The areas of the an- 
terior vermis (lobules I through V) and the 
superior-posterior vermis (lobules VI 
through VII) were measured on the mid- 
sagittal images of each subject using a 
method of computer-assisted planimetry in 
which the MRIs could be highly magnified, 
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Left, Posterior view of cerebellum with vertical lines indicating slice locations, in millimeters, of im- 
ages as shown at right. Right, Normal subject and three autistic subjects (repetition time of 600 
ms and echo time of 25 ms). Sagittal images at O mm lateral to midline (midsagittal image), 7.5 
mm lateral to midline, and 15 mm lateral to midline. Arrows indicate regions of cerebellar hypopla- 


sia. 


permitting greater resolution of lobule- 
sulcal boundaries and, therefore, the exclu- 
sion of sulcal areas from the lobule area 
measures. This method differed from that 
used in our recent study,‘ in which vermal 
areas were measured from unmagnified 
images and included some sulcal areas. 
Therefore, the measures from this study 
represent a more precise determination of 
vermal areas. The anatomical boundaries of 
the vermal areas measured were fully de- 
scribed in our earlier report.‘ 

For all cerebellar quantifications, MRIs 
from both subject groups were coded and 
mixed at random before evaluation. All 
MRIs were measured independently by two 
investigators who were blinded to the iden- 
tity and group membership of each subject. 

Statistical analysis of the data included 
two-tailed ¢ tests that used unpooled SDs in 
the calculation of the degrees of freedom 
and therefore constituted a conservative 
test and Pearson Product-Moment Corre- 
lation Coefficient calculations. 


RESULTS 


The cerebellar hemispheres of the 
autistic subjects displayed a variety of 
different morphological features on 
sagittal MRIs. In three autistic sub- 
jects, hypoplasia of the cerebellar 
hemispheres was evident at the clini- 
cal neuroradiological evaluation 
(Figure, right). The qualitatively more 


abnormal cerebellar hemispheres 
demonstrated various patterns of hy- 
poplasia as evidenced by shortening of 
the anterior-posterior or inferior-su- 
perior dimension, or a combination of 
the two (Figure, right). In some cases, 
an abnormal dorsal concavity along 
the posterior-inferior surface of the 
cerebellar hemispheres was seen 
(Figure, right). In one of the autistic 
subjects, a near-total absence of cere- 
bellar tonsils was demonstrated 
(Figure, right: autistic subject 3). 

The average cumulative slice area 
measure of the cerebellar hemispheres 
in the autistic group (mean + SD, 
10659 + 1458 mm?) was 12% smaller 
than that of the normal control 
group (mean + SD, 12119 + 912 mm?) 
(t [15.3] = 2.60, P = .02) (Table 2). In 
contrast, a comparison of the average 
cerebellar width measured on axial 
images revealed no significant differ- 
ence between the autistic group 
(mean+SD, 103.7 + 6.6 mm) and the 
normal control group (mean+SD, 
104.2 + 3.6 mm) (t [14.2] = 0.24, 
P = .81) (Table 2). Finally, a regression 
analysis that compared the cumulative 
slice area with the lateral width mea- 
sure revealed a low correlation (r < .3 
in both subject groups) (Table 3). 
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Table 2.—Cerebellar Hemisphere Cumulative Slice Area and Width 


Cumulative Slice 
Area, mm?* 


Autistic 
subjects 


1 9832 
10748 
7491 
10982 
10251 
10899 
11316 
11209 
10 436 
10 13341 
Mean + SD 10659 + 14584 


2 
3 
4 
5 
6 
7 
8 
9 


Normal 
subjects 
11630 


12310 
10753 
11312 
12590 
11845 
12985 
13 526 
12119 + 912 


SD 
of Cumulative Slice 
Area From Normal 
Group Mean 


Cerebellar Width, 
mmt 


109.9 
102.9 
102.4 
103.4§ 
109.2 
99.8 
101.8 
104.6 
104.2 + 3.6 





* Cumulative slice area described in text. All data from one investigator. 
+Cerebellar width represents the maximum width measured on axial magnetic resonance image. 
Autistic mean significantly smaller than normal control mean (P = .02). 


§Determined from coronal image in this subject only. 


Table 3.—Comparisons of Cerebellar 
Hemisphere Cumulative Slice Area 
With Vermal Areas and Cerebellar 

Width 


Autis- Nor- 
tic mal 
Sub- Sub- Com- 
jects jects bined 
(n = 10) (n= 8) (n= 18) 
Correlation 
(r) of 
cumulative 
slice area 
to AV* 
Correlation 
(r) of 
cumulative 
slice area 
to SPVt 
Correlation 
(r) of 
cumulative 
slice area 
to cerebellar 
width 


* AV indicates anterior vermis (lobules | through V). 
+SPV denotes superior-posterior vermis (lobules VI 
through VII). 


—.191 =e —.006 
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Table 4.—Vermal Lobule Areas* 


Subject AV, mm? SPV, mm? 
Autistic 





















1 434 246 
2 362 229 
3 407 168 
4 345 203 
5 381 176 
6 350 192 
7 384 182 
8 394 201 
9 337 245 
10 406 307 
Mean + SD 384 + 27 215 + 42ł 
Normal 
1 491 322 
2 363 287 
3 392 264 
4 385 277 
5 368 248 
6 350 211 
7 365 268 
8 441 288 
Mean + SD 394 + 48 271 + 32 





* AV indicates anterior vermis (lobules | through V); 
SPV, superior-posterior vermis (lobules VI through 
Vil). 

tAutistic mean significantly smaller than normal 
control mean (P < .01). 


The areas of the anterior vermis 
(lobules I through V) and the superior- 
posterior vermis (lobules VI through 
VII) that were measured, using im- 
proved techniques in this study, vali- 
dated the findings of our previous 
report. Comparison of the present 
measures, acquired with the aid of 
computer-assisted planimetry, with 
our previous measures, acquired by 
manual planimetry, revealed a high 
overall correlation (r = .96). Current 
data showed that the mean area of the 
superior-posterior vermis in the autis- 
tic subject group was 20% smaller 
than in the normal control group 
(t [16.0] = 3.16, P = .006), while there 
was no significant difference between 
the mean anterior vermis areas of the 
two groups (t[10.6] = 0.55, P = .60) 
(Table 4). 

In the autistic group, there was a 
high correlation between the superior- 
posterior vermis area and the cumula- 
tive slice area measure of the cerebel- 
lar hemispheres (7 = .608), while in the 
normal control group, the correlation 
was low (7 = .049) (Table 3). In neither 
group was the cumulative slice area 
measure of the cerebellar hemispheres 
highly correlated with the anterior 
vermis area (r= .191 in the autistic 
group and r = .012 in the normal con- 
trol group) (Table 3). 

Regression analysis that compared 
the 162 measures (9 measures for each 
of the 18 subjects) recorded by each 
investigator revealed a very high de- 
gree of interinvestigator correlation 
(r= .97). This correlation was nearly 
the same for the measures of the au- 
tistic subjects (r = .97) and the normal 
control subjects (r = .96) when ana- 
lyzed separately. 

The cumulative slice area measure 
of the cerebellar hemispheres of the 18 
subjects as determined by the two in- 
vestigators likewise showed a very 
high correlation (r = .98). This corre- 
lation was the same for the autistic 
subjects as for the normal control sub- 
jects when analyzed separately (r = 
.98). 


COMMENT 


The results indicated that the cere- 
bellar hemispheres were reduced in 
size in our group of mildly retarded 
and nonretarded autistic subjects as 
determined by quantifying sagittal 
MRIs. The diminished size of the cer- 
ebellar hemispheres demonstrated by 
our in vivo MRI study is compatible 
with recent postmortem data**: the 
number of neocerebellar (vermal lob- 
ules VI through VII and posterior 
hemisphere, including the tonsil) 
Purkinje neurons was reduced in the 
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brains of five autistic individuals.** 
Such reduced numbers of neurons may 
be responsible for the size reduction in 
the cerebellar hemispheres and vermis 
noted on MRI examination of autistic 
subjects in the present and previous 
studies.* These MRI and autopsy data 
strongly indicate that abnormalities 
at the cellular and gross anatomical 
levels exist in the cerebellar hemi- 
spheres and vermis in persons with 
autism. The proportion of the autistic 
population in which such abnormali- 
ties occur is unknown at present. 
There is some variability in the se- 
verity of hypoplasia of the cerebellar 
hemispheres and precise regions of in- 
volvement within the autistic group 
evaluated in this study (Figure, right). 
Such anatomical variation indicates 
that the timing and/or type of insult 
that causes hypoplasia of the cerebel- 
lar hemispheres in autism may vary as 
well.‘ To define the boundaries of vari- 
ation better, we are currently examin- 
ing the cerebella of autistic individuals 
with MRI protocòls, providing more 
precise delineation of cerebellar 
anatomy." 
’ We believe that the abnormal cere- 
bellar hemisphere size demonstrated 
in autism is a result of primary neu- 
ronal loss (hypoplasia) rather than 


secondary neuronal loss (atrophy) fol- | 


lowing normal development, since sul- 
cal widening is absent in the large ma- 
jority of subjects examined. This ob- 
servation is supported by a recent 
computed tomographic study of autis- 
tic subjects that reported no evidence 
of cerebellar atrophy as defined by 
sulcal widening.” The size of the 
fourth ventricle was also normal in 
that report. However, beam-hard- 
ening artifacts and the lack of multi- 
planar imaging capability limit the 
resolution of posterior fossa anat- 
omy in such computed tomographic 
studies. At this time, MRI is the mod- 
ality of choice for in vivo measure- 
ments of this nature,” 

Our results indicated that the max- 
imum lateral cerebellar dimension 
(measured on a single axial MRI) was 
mot compromised proportionately to 
the amount of overall cerebellar hy- 
poplasia demonstrated on serial sagit- 
tal MRIs. Results of animal studies of 
cerebellar development have shown a 
similar trend.“ In these studies, 
groups of rats were exposed to x-rays 
on day 15 or 18 of gestation, and indi- 
vidual rats were killed on days 1, 2, and 
3 after irradiation and days 2, 6; 15, and 
30 postnatally. Their brains were ex- 
amined for evidence of abnormal cere- 
bellar morphological characteristics. 
When irradiated on day 15 of gesta- 
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tion, the rat cerebella displayed a 68% 
reduction in Purkinje cells and an 
overall cerebellar size recuction of 
50% postnatally.” There was a 47% 
reduction in cerebellar length, a 48% 
reduction in cerebellar height, yet only 
a 30% reduction in cerebellar width.” 
When irradiated on day 18 of gesta- 
tion, the rat cerebella displayed a 20% 
reduction in the number of normal- 
appearing Purkinje cells postnatally.” 
In these animals, although the cere- 
bellar height was reduced hy 20% and 
the cerebellar length was reduced by 
18%, the lateral cerebellar width was 
reduced by only 7%.” That lateral 
width reduction is comparable with 
thaz of three of our autistic subjects 
(Table 2). 

Recent MRI studies of cerebellar 
structure in autism provide other im- 
portant and provocative results.”* In 
these studies, fourth ventrizle enlarge- 
ment and overall cerebellar size reduc- 
tion were demonstrated on coronal’ 
and midsagittal’ images. Limitations 
in the state of the art that existed at 
the time of their studies restrict the 
interpretability of their images. First, 
the coronal data analyzed consisted of 
a single 10-mm-thick image from each 
subject. When such relatively thick 
sections are employed to measure a 
curved surface, a considerable volume 
averaging error may be er:countered.™ 
Moreover, reproducible coronal sec- 
ticns through the cerebellum are vir- 
tually unobtainable due: to the vari- 
ability in patient positioning (ie, head 
tilt) and cerebellar position relative to 
the cranium, which makes compari- 
sons of single slices from different 
subjects problematic. Second, the use 
of 10-mm-thick midsagittal images (G. 
R. Gaffney, MD, et al, oral communi- 
cation, January 16, 1988) has led to 
several problems that probably re- 
sulted in the finding of insignificant 
differences between autistic patients 
and normal subjects by Gaffney et al. 
Since the vermis is typically less than 
10 mm in lateral dimension (6 to 9mm 
in our normal subjects) and since the 
posterior aspect of the cerebellar 
hemispheres converges medially to 
within several millimeters of each 
other, a 10-mm-thick midsagittal MRI 
section will include several millime- 
ters of parasagittal cerebellar kemi- 
sphere tissue and the cerebellar ton- 
sils. This will obscure the true bound- 
aries of the vermis on the midsagittal 
image and produce artificially inflated 
area measures that are a mixture of 
vermis and hemisphere. Moreover, be- 
cause 10-mm-thick sections were used, 
the determination in these studies of 
the midsagittal cerebellar size in- 


cluded paleocerebellum, archicerebel- 
lum, and neocerebellum in one mea- 
surement. The choice of this measure 
masks the selective hypoplasia of neo- 
cerebellum observed in a large subset 
of our autistic subjects. . 

In our previous‘ and present studies, 
these limitations were circumvented 
by using multiple 5-mm-thick sections 
that were carefully centered about the 
midline in each subject and by mea- 
suring only those vermal regions (lob- 
ules I through V, VI through VII, and 
VIII) that are free of partial voluming 
of hemisphere regions (ie, tonsils). 
Vermal lobules I through VIII have 
very distinctive sagittal morphological 
features” that, when preserit on a mid- 
sagittal 5-mm-thick image, ensures 
that no portion of the cerebellar hemi- 
sphere is included. Although the sag- 
ittal images used to calculate the cu- 
mulative slice area did not survey the 
lateral-most portions of the cerebel- 
lum, we believe that our cumulative 
slice area measure Is an adequate rep- 
resentation of overall cerebellar hemi- 
sphere size for the following reasons. 
First, sagittal sections through identi- 
cal paramidline locations in different 
subjects showed remarkably consis- 
tent cranial and vascular landmarks. 
Preliminary work indicates that these 
landmarks correlate well with the in- 
tracerebellar anatomical structures, 
such as white-matter fiber patterns 
and cerebellar nuclei. The consistency 
of these landmark-cerebellar struc- 
ture correlations indicate that compa- 
rable slices were obtained from sub- 
jects in both autistic and control 
groups. A full discussion of these land- 
marks and intracerebellar structures 
is presented elsewhere.'® Second, the 
cerebellar hemisphere cross-sectional 
area becomes progressively smaller 
laterally; the two or three most lateral 
sagittal sections that were unavailable 
for measure in this study therefore 
contributed much less to the total cer- 
ebellar cumulative slice area than did 
the more medial sections that were in- 
cluded in our measures. 

Our previous study showed that hy- 
poplasia of the superior-posterior ver- 
mis (lobules VI and VII) is frequently 
observed in autistic individuals.** This 
finding is consistent with the present 
data. Statistical comparison of the su- 
perior-posterior vermis area and the 
cerebellar hemisphere cumulative 
slice area revealed a high correlation 
in the autistic group only. This high 
correlation suggests that a link exists 
between the degree of selective vermal 
hypoplasia and the cerebellar hemi- 
sphere size reduction seen in our au- 
tistic subject group. This is not sur- 
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prising given that both these measures 
include predominantly neocerebellar 
tissue and that two postmortem 
studies point to the neocerebeéllum asa 
site of abnormality.“ 

Although the nature of the link be- 
tween cerebellar dysgenesis and autis- 
tic symptoms is yet to be determined, 
the fact remains that abnormalities of 
the cerebellum are consistent in vivo 
MRI findings, as well as microscopical 
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postmortem findings. Associations be- 
tween cerebellar dysgenesis and/or 
dysfunction and cognitive dysfunction 
have been described previously. 
More recent clinical and research ob- 
servations indicate that the cerebel- 
lum also plays a role in a variety of 
cognitive functions, such as language,” 
learning and memory, emotional 
behavior,’ and complex motivated 
behaviors.” We believe that the hy- 
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Benzodiazepine Withdrawal Delirium 
With Catatonic Features 


Occurrence in Patients With Partial Seizure Disorders 


Peter Hauser, MD; Orrin Devinsky, MD; Michael De Bellis, MD; 
William H. Theodore, MD; Robert M. Post, MD l 


@ We report the cases of 3 patients with 
medically intractable seizures in whom 
withdrawal of treatment with a long-acting 
benzodiazepine (clorazepate dipotassi- 
um, 2 patients; clonazepam, 1 patient) was 
followed by delirium with catatoniclike 
features. While an increase in seizure fre- 
quency occurred during withdrawal and 
prior to the onset of behavioral changes, 
electroencephalograms did not show epi- 
leptiform activity during the delirium. We 
compared these 3 patients with 10 others 
with intractable seizures in whom antiepi- 
leptic therapy was withdrawn without sub- 
sequent behavior changes. High-dose ben- 
zodiazepine therapy and a history of viral 
encephalitis may be risk factors for with- 
drawal delirium. 

(Arch Neurol. 1989;46:696-699) 


B enzodiazepine withdrawal may 

be complicated by seizures, 
psychosis,”"! or delirium.**° The devel- 
opment of withdrawal phenomena has 
been related to the maximal dose, du- 
ration of treatment, and time course of 
the taper. However, symptoms 
may occur in subjects during with- 
drawal of therapeutically accepted 
doses of benzodiazepines." The rate 
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of metabolism may have an effect on 
the appearance of withdrawal reac- 
tions; benzodiazepines with a longer 
half-life appear to pose a smaller risk 
because of a more gradual decline in 
blood levels on discontinuation of 
therapy.” 

In this report, we describe the onset 
of delirium with catatoniclike features 
in 3 inpatients with medically in- 
tractable complex partial seizures 


. (CPS) on withdrawal of antiepileptic 


benzodiazepine therapy. During the 
withdrawal from clorazepate dipotas- 
sium therapy (in 2 patients) and clo- 
nazepam therapy (in 1 patient), pa- 
tients experienced an increase in sei- 
zure frequency subsequently followed 
by a behavioral change. To better elu- 
cidate possible causal factors respon- 
sible for the onset of delirium in our 
patients, the clinical histories of al! 
other inpatients of the Clinical Epi- 
lepsy Section (CES) of the National 
Institutes of Health (NIH), Bethesda, 
Md, admitted to the hospital during 
the same 2-year time period were re- 
viewed. Ten patients, in whom there 
were no behavioral changes on with- 
drawal of antiepileptic therapy, were 
identified and served as a comparison 
group. All patients had been with- 
drawn from treatment with medica- 
tions with the intent of either enroll- 
ing them in a double-blind study of an 
experimental antiepileptic or localiz- 
ing the seizure focus in consideration 
of possible surgical treatment. 


CASE HISTORIES OF PATIENTS WITH 
BEHAVIORAL CHANGES 


PATIENT 1.—A 29-year-old man was ad- 
mitted to the CES of the NIH for evaluation 


and treatment of medically intractable 
(CPSs) with secondary generalized tonic- 
clonic seizures (GTCSs). He was neurolog- 
ically normal until age 20 years when he 
suffered an episode of viral encephalitis 
complicated by GTCS status epilepticus. On 
recovery from coma, he had severe lan- 
guage and memory impairment that im- 
proved during the following year. At age 27 
years, the patient had delirium with insom- 
nia and paranoid ideation develop during 
withdrawal of clorazepate therapy. This 
resolved when clorazepate therapy was re- 
instituted. 

At the time of hospital admission, results 
of general medical examination were nor- 
mal. The patient was unable to state the 
correct date or year, had reduced attention, 
and had a global impairment of higher cog- 
nitive function. There was nystagmus in all 
directions of gaze and dystaxia. He ap- 
peared to be intoxicated from medications, 
which were clorazepate dipotassium (45 
mg/d), carbamazepine (1700 mg/d), and 
phenytoin (450 mg/d). The patient had a 
seizure frequency of two to seven CPS a 
week. Computed tomographic sean of the 
head was normal. Electroencephalograms 
(EEGs) demonstrated background slowing 
with delta and theta activity but no epilep- 
tiform discharges. 

Clorazepate therapy was rapidly tapered 
and discontinued on the third day after 
hospital admission. During the subsequent 
2 days, the patient had seven GTCSs. On the 
morning of the sixth hospital day, he was 
found to be in bed, awake with following 
movements of the eyes, but there was no 
other spontaneous motor or verbal activity. 
Catalepsy and waxy flexibility were 
present. He would intermittently follow 
commands. Video EEG monitoring with 
sphenoidal electrodes during this period 
revealed no epileptiform discharges. Dur- 
ing the next 24 hours, he became progres- 
sively more agitated and exhibited stereo- 
typic movements. He began yelling “yee- 
hah” repetitively. (After the resolution of 
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the psychosis, he stated he had been “riding 
a cockroach at a cockroach rodeo”). On day 
8, the patient was given diazepam (10 mg) 
intravenously and within 15 minutes he be- 
gan to produce coherent speech. The next 
day, clorazepate dipotassium therapy, 45 
mg/d, was restarted with resolution of de- 
lirium and catatonic symptoms. 

PATIENT 2.—A 30-year-old woman was 
admitted to the CES of the NIH for evalu- 
ation and treatment of medically intract- 
able CPSs with secondary GTCSs. Seizures 
and depressive episodes (with three suicide 
attempts) began after an episode of enceph- 
alitis with coma of 10 days’ duration at age 
23 years. 

At the time of hospital admission, results 
of the general medical and neurologic ex- 
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aminations were normal except for recent 
memory impairment. Medications at the 
time of hospital admission were clon- 
azepam, 4 mg/d, carbamazepine, 1200 mg/ 
d, and mephobarbital, 192 mg/d. The pa- 
tient had been experiencing one to four 
CPSs a week on this regimen. Computed to- 
mography and magnetic resonance imaging 
of the head demonstrated mild cerebral at- 
rophy. Electroencephalograms revealed 
background slowing without epileptiform 
discharges. 

Following hospital admission, clon- 
azepam therapy was tapered over a 30-day 
period while carbamazepine and me- 
phobarbital remained at therapeutic doses. 
The petient experienced an increase in CPS 
and GTCS frequency (average two seizures 


Mephobarbital 


Benzodiazepine withdrawal 
delirium. VE indicates viral 
encephalitis. 







a day) during the last week of the clon- 
azepam taper therapy and after with- 
drawal. Two days after discontinuation of 
clonazepam therapy, the patient had two 
CPSs and three GTCSs. Several hours after 
her last seizure, the patient was noted to 
have delusions of reference, auditory hallu- 
cinations, agitated combative behavior, and 
disorientation. The patient received 20 mg 
of haloperidol in divided doses that de- 
creased her agitation but had no significant 
effect on her delusions or hallucinations. 
The next day the patient exhibited postur- 
ing movements, predominantly of the right 
arm, associated with catalepsy, mutism, 
delusions, and auditory hallucinations. 
Electroencephalograms during this behav- 
ioral state did not reveal any epileptiform 
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discharges. This psychotic state improved 
slightly with haloperidol in dosages of 6 to 
20 mg/d over 4 days. On day 5 (7 days after 
clonazepam therapy was discontinued) 
haloperidol was discontinued from the reg- 
imen and the patient received 1 mg of 
lorazepam that coincided with complete 
diminution of delusions, hallucinations, 
and catalepsy. Intermittent doses. of 
lorazepam at 1 mg were administered dur- 
ing the remainder of the hospital stay for 
agitation. There was no recurrence of psy- 
chotic symptoms or disorientation, and her 
seizure frequency returned to her pread- 
mission baseline. 

PATIENT 3.—A 29-year-old right-handed 
man was admitted to the CES of the NIH 
primarily for evaluation and treatment of 
medically intractable CPSs with secondary 
GTCSs of 18 years’ duration. Seizures be- 
gan 2 years after an encephalitic illness at 
age 9 years. At the time of hospital admis- 
sion, the general medical and neurological 
examinations were normal. Medications at 
the time of hospital admission were pheny- 
toin, 400 mg/d, clorazepate dipotassium, 30 
mg/d, and primidone, 750 mg/d. The pa- 
tient’s seizure frequency was one to three 
GTCSs per week and one to two CPSs per 
week. A computed tomographic scan of the 
head was normal. A magnetic resonance 
imaging scan of the head demonstrated an 
area of increased intensity on the spin echo 
sequences in the left medial temporal lobe. 
Ictal and interictal EEGs demonstrated 
left frontotemporal epileptiform dis- 
charges. l 

One week after hospital admission, elo- 
razepate therapy was tapered over 10 days 
(hospital days 8 to 17) and primidone ther- 
apy was tapered over 18 days (hospital days 
14 to 27) while phenytoin remained at ther- 
apeutic doses. Triazolam, 0.25 mg orally at 
bedtime, was given on hospital days 29 
through 33. There were no seizures between 
hospital days 16 and 29. On day 30, the pa- 
tient began to experience CPSs that per- 
sisted until day 40. On day 34, the patient 
was agitated and complained of auditory 
hallucinations, but he had a clear sensori- 
um. These symptoms improved within sev- 
eral hours of treatment with 5 mg of diaz- 
epam orally. On day 36, auditory hallucina- 
tions recurred with inappropriate smiling 
and thought disorder. On day 88, the patient 
was observed to be tremulous with myo- 
clonic jerks of the extremities in the early 
morning. Later, he complained of formed 
visual and auditory hallucinations. Be- 
tween 8 and 9 AM, he was mute but would 
follow simple commands intermittently. 
Video EEG with sphenvidal electrodes dur- 
ing this period revealed mild background 
disorganization. At 9 AM he received 5 mg of 
diazepam intravenously and began to ver- 
balize appropriately within 2 minutes. He 
was given oral diazepam (5 to 20 mg/d) 
during the next 4 days and there was no 
further recurrence of behavioral abnormal- 
ities or seizures. 

The three case histories are summarized 
in the Figure. 


CONTRAST CASES 


The clinical features of all other inpa- 
tients of the CES of the NIH admitted dur- 
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ing the same 2-year period as the above-de- 
scribed 3 patients were reviewed. No other 
patients manifested a behavior change on 
withdrawal of benzodiazepine therapy or 
other antiepileptic drug therapy. Three pa- 
tients withdrawn from adjunctive benzodi- 
azepine therapy, in whom there were no 
subsequent behavioral changes, were iden- 
tified. Interestingly, these patients were 
receiving much lower doses of benzodiaz- 
epines (clorazepate dipotassium, 3.75 mg/d, 
clonazepam, 0.5 mg/d, and diazepam, 15.0 
mg/d) than the index patients (clorazepate 
dipotassium, 45.0 mg/d, clonazepam, 4.0 
mg/d, and clorazepate, 30.0 mg/d). An ad- 
ditional 7 patients withdrawn from anti- 
convulsant therapy other than benzodiaz- 
epines were randomly selected for compar- 
ative study. The clinical features of these 10 
patients, such as age, sex, duration of sei- 
zure disorder, hand preference, seizure fo- 
cus (half were right sided), or seizure fre- 
quency during the taper, were not distin- 
guishable from those of the 3 patients with 
delirium. 

However, there was an apparent differ- 


-ence in the cause of seizure disord2r be- 


tween the patients with and those without 
psychopathologie findings. All 3 patients 
with delirium had their seizure disorder 
develop subsequent to an episode of viral 
encephalitis. Of the 10 patients without 
medication-related behavior changes, only 
1 had a history of viral encephalitis 
(Fisher’s Exact Test, P < .02, two tailed). 
Moreover, the latter patient was withdrawn 
from anticonvulsant therapy other than 
benzodiazepines. 


COMMENT 


Benzodiazepines are efficacious in 
the treatment of specific seizure 
disorders'*#! and have been prescribed 
for increasingly larger numbers of pa- 
tients. In particular, patients with my- 
oclonic and absence seizures have been 
reported to benefit from benzodiaz- 
epines. However, patients with partial 
and generalized tonoclonic seizures 
who are refractory to standard anti- 
epileptic therapy have also been 
treated with these agents. Numerous 
case reports have documented benzo- 
diazepine withdrawal phenomena in 
nonepileptic patients (eg, tremors, 
myoclonus, seizures, psychosis, and 
delirium)...’ Although withdrawal 
phenomena have been reported to be 
more frequent with shorter-acting 
benzodiazepines, abrupt discontinua- 
tion of clorazepate therapy has been 
reported to cause withdrawal symp- 
toms: indistinguishable from other 
benzodiazepines. 

In this report, we described three 


patients with symptoms of delirium 


and catatoniclike features as a promi- 
nent aspect of the discontinuation of 
benzodiazepine therapy. The time 
course between discontinuaticn of 
benzodiazepine therapy and the onset 
of symptoms, as well as the rapid res- 


olution of symptoms once benzodiaz- 
epines were readministered, supports 
withdrawal of benzodiazepine therapy 
as the cause. Behavioral changes be- 
gan 3, 2, and 13 days after discontinu- 
ation of treatment with a benzodiaz- 
epine in patients 1, 2, and 3, respec- 
tively. In patients 1 and 2, the 
symptoms picture fulfills the Diagnos- 
tic and Statistical Manual of Mental 
Disorders (revised 3rd ed) diagnostic 
criteria for Anxiolytic Withdrawal 
Delirium (292.00).* Although there 
was no disorientation in patient 3, au- 
ditory hallucinations, thought disor- 
der, and a reduced ability to maintain 
attention to external stimuli in the 
context of benzodiazepine withdrawal 
again fulfill Diagnostic and Statistical 
Manual of Mental Disorders (revised 
3rd ed) criteria for Anxiolytic With- 
drawal Delirium. The long interval 
between withdrawal of clorazepate 
therapy and behavioral changes in pa- 
tient 3 may be due in part to the long 
serum half-life (up to 80 hours) of clo- 
razepate that may be prolonged by the 
ability of phenytoin to inhibit the N- 
dealkylation arid 3-hydroxylation of 
benzodiazepines.” The role of benzodi- 
azepine withdrawal in the pathogene- 
sis of catatoniclike symptoms in our 
patients is indirectly supported by the 
report of Salem et al* on the resolution 
of catatonic psychosis in three patients . 
on administration of lorazepam. 

Penfield and Erikson?’ reported the 
cases of 4 patients with structural 
brain disease in whom psychosis fol- 
lowed a series of seizures. Thus, in- 
creased seizure frequency in the ab- 
sence of benzodiazepine therapy with- 
drawal can cause psychotic symptoms. 
However, comparison of the 3 patients 
with delirium with the 10 patients 
without psychopathologic findings re- 
vealed several nondelirious patients 
with similar increases in the seizure 
frequency. Three of the 10 patients 
without behavioral changes were 
withdrawn from low-dose adjuvant 
benzodiazepine therapy, suggesting a 
possible relazionship of benzodiaz- 
epine dose to withdrawal psychosis 
and delirium. In addition, a history of 
viral encephalitis may be an important 
risk factor. Viral encephalitis as a 
cause of seizure disorders is uncom- 
mon (ie, <1%) among epileptic pa- 
tients seen at a general hospital.” Vi- 
ral encephalitis may cause more severe 
limbic system abnormalities than oc- 
cur in patients with seizures of un- 
known origin. 

Sironi et al" reported psychotic 
symptoms in two patients with CPSs 
in whom clonazepam therapy was 
withdrawn as one of several anticon- 
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vulsants. They also described an in- 
creased seizure frequency that pre- 
ceded the onset of acute psychosis and 
normalization of the EEG during the 
psychosis. Their patients had depth 
electrodes in limbic structures that 
also demonstrated a cessation of epi- 
leptiform discharges during the psy- 
chotic episodes. In both their patients, 
withdrawal of clonazepam therapy 
was implicated as the causative agent, 
as the behavioral changes coincided 
with a clonazepam serum level of zero 
and did not abate until clonazepam 
treatment was restarted. This behav- 
ioral change was particular to clon- 
azepam and was not observed in pa- 
tients withdrawn from other anticon- 
vulsant therapies. 

The patients described by Sironi et 
al" are similar to those in the litera- 
ture about forced normalization in 
that the resolution of epileptiform dis- 
charges was associated with the onset 
of behavioral changes. In the original 
eases of Landolt,” the EEG changes 
were spontaneous, while in the cases of 
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Pakalnis et al, normalization of the 
EEG and subsequent behavior change 
followed introduction of treatment 
with effective antiepileptic medica- 
tions. Although forced normalization 
was not demonstrated in our patients, 
the lack of epileptiform activity during 
the celirium is consistent with this 
formulation and suggests that behav- 
ioral changes were not associated with 
a persistent ictal process. 

The two patients of Sironi et al” and 
our patients had a similar pattern of 
behavioral changes that occurred in 
response to withdrawal of benzodiaz- 
epine therapy and followed a period of 
increased seizure frequency. This sug- 
gests that mechanisms related to the 
inhibition of seizure activity, whether 
due to exogenous antiepileptic drugs as 
reported by Pakalnis et al” or endoge- 
nous neurochemical changes following 
frequent seizures, may contribute to 
behavioral changes in the phenome- 
non of forced normalization. 

In summary, we have described the 
onset of delirium with catatoniclike 
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features in three patients with a sei- 
zure disorder in whom long-term ben- 
zodiazepine therapy was withdrawn 
while treatment with another antiepi- 
leptic drug (carbamazepine, pheny- 
toin, or a barbiturate) was maintained. 
Treatment with high doses of benzodi- 
azepines and a history of viral enceph- 
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Controversies in Neurology 


Focused Stroke Rehabilitation Programs Improve Outcome 


Michael J. Reding, MD, Fletcher H. McDowell, MD 


ehabilitation efforts following 
stroke are provided by a number of 
clinical specialists: rehabilitation 
nurses, vhysical therapists, occupa- 
tional therapists. speech therapists, 
social workers, and physicians. The 
concept of a stroke rehabilitation team 
has developed as a means of focusing 
these diverse backgrounds on the spe- 
cific needs of individual patients. It is 
reasonable to expect: some documenta- 
` tion of the benefit of such a therapist- 


i intensive rehabilitation program.. 


: The most easily validated rehabili- 
cation techniques consist of bracing 
and use of ambulation assist devices. 
Fitting patients with an ankle brace 
and giving them a cane does not assure 
that they will walk or that if they-do 
they will do so safely. Patients require 
instruction in proper sequencing of the 
cane and hemiplegic leg plus time and 
practice to incorporate these devices 
into automatic movements. Once the 
patient has learned to use these de- 
vices, their efficacy can be easily dem- 
onstrated by taking them away and 
asking the patient to walk. A prospec- 
tive randomized trial to document a 
result that is so easily demonstrated i is 
pointless. 

There are other rehabilitation tech- 
niques that are much more difficult to 
validate. For example, the physical 
therapy facilitation ‘techniques popu- 
larized by Brunnstrom! are often con- 
tradictory to those advocated by 
Bobath.? Occupational therapy tech- 
niques for prophylaxis and manage- 
ment of shoulder-hand syndrome vary 
widely. The role of specific cognitive 
and perceptual retraining techniques 
has not been validated. The role of the 
social worker and family education 
programs in setting up a home care 
plan for patients who would otherwise 
need chronic institutional care seems 
logical but likewise deserves careful 
evaluation. 

The simplest experimental design to 
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assess the overall benefit of a stroke 
rehabilitation program would be that 
of a randomized study with patients 
matched for age, sex, side of stroke, 
and severity of neurologic and func- 
tional impairment. One half of the 
study population would receive reha- 
bilitation and the other half would not. 
Three end points would be of interest: 
(1) the final level of functional out- 
come, (2) the time interval required to 
reach the outcome goal, and (8) the 
number of patients discharged to 
home vs institutional care. A second 
set of analyses would categorize pa- 
tients according to severity of neuro- 
logic and functional deficits to assess 
whether there was a differential ben- 
efit for more impaired patients vs 
those with less significant impair- 
ments. Such a study, with a control 
population deprived of bracing, physi- 
cal therapy, and occupational therapy, 
has not been performed, largely for 
ethical reasons. Studies of rehabilita- 
tion outcome have therefore compared 
the effects of stroke rehabilitation 
units with less focused rehabilitation 
efforts, or have relied on data on the 
outcome of large cohorts of patients 
who have entered a stroke rehabilita- 
tion program. This latter source of 
data is suspect because of natural se- 
lection factors that bias the data; ie, 
those patients able to walk into a 
stroke rehabilitation center are the 
ones most likely to walk out. 
The most persuasive studies have 
prospectively randomized patients: to 
either rehabilitation or routine care 
groups. The first such study, by Feigen- 
son et al; of the United States, com- 
pared the outcome of patients prospec- 
tively randomized either to a desig- 
nated stroke rehabilitation unit or toa 
general rehabilitation unit. Those re- 
ceiving specialized stroke rehabilita- 
tion care showed greater improvement 
both in activities of daily living (ADL) 
and in mobility function. Subsequent 
studies by Smith et al,* of the United 
Kingdom, and Strand et al, of Sweden, 
using prospective randomization of 
patients either to focused stroke reha- 
bilitation units or to medical nursing 
units, also documented statistically 
significant ADL and ambulation bene- 


fits for the groups receiving focused 
stroke rehabilitation. Physical ther- 
apy and occupational therapy were 
provided on the medical units, but 
there was no coordinated team effort 
that focused the activities of the ther- 
apists, nursing, social worker, and 
physician staff on the patient’s func- 
tional deficits. Other less rigidly ran- 


domized studies, and those using his- 


torical controls, have given similar 
results.®® 
These studies can be summarized by 


saying that there is an international 


consensus (based on prospective ran- 
domized controlled trials) that focused 
stroke rehabilitation programs result 
in improved ADL and mobility func- 
tion, compared with less focused med- 
ical-nursing supportive care. We are 
aware of only two controlled studies of 
stroke rehabilitation outcome that 
failed to demonstrate greater func- 
tional improvement in the rehabilita- 
tion group. The first, by Waylonis et 
al; studied the effect of introducing a 
stroke rehabilitation team into a small 
community hospital. In this study, the 
outcome of the control population is 
poorly documented, making data anal- 
ysis difficult. In a second randomized 
controlled study, by Peacock et al,” a 
trend for better functional outcome 
scores for the rehabilitation group was 
found, but the number of patients 
included was too small to expect sta- 
tistically significant differences. 

The studies by Smith et al‘ and 
Strand et alf allow comment concern- 
ing home vs institutional placement 
following inpatient rehabilitation vs 
medical-nursing care. The length of 
time prior to returning home and the 
final number of patients requiring in- 
stitutional placement were both less 
for the rehabilitation hospital group. 
This probably reflects the fact that one 
of the focuses of the rehabilitation 
program is to teach the patients self- 
care, transfer, and ambulation tech- 
niques. Patients not reaching indepen- 
dence in these aréas are at least able to 
assist with function. Family members 
are trained in stand-pivot transfer and 
ambulatory guarding techniques 
based on body mechanics. These tech- 
niques, when practiced and mastered 
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by an aged spouse, can allow the pa- 
tient to be managed by family at home. 

There are a number of studies that 
have tried to determine which patients 
will show the greatest improvement in 
function or will reach independence 
following stroke rehabilitation. +"? Un- 
favorable prognostic features include 
advanced age, severe weakness, pro- 
prioceptive sensory loss, visuospatial 
neglect, and incontinence.” Factor 
analysis studies using combinations of 
the above features have not produced 
clinically useful predictive formulas." 
Patients with all the above features, 
although they are unlikely to be inde- 
pendent, may show significant func- 
tional gains and return home with 
family. 

There are no data concerning the 
optimum length of rehabilitation hos- 
pital stay. A common practice is to 
score ADL and mobility function and 
to continue the inpatient program as 
long as these scores are improving. 
When the scores plateau, then a home 
care system is finalized to meet any 
residual dependency needs. 

The prospective randomized studies 
quoted above indicate that both the 
rehabilitation group and the medical- 
nursing patient groups have equal 
mortality and medical complication 
rates. 

Careful review of the articles refer- 
enced above shows that all the control 
groups had access to physical therapy, 
occupational therapy, nursing care, 


Focused Stroke Rehabilitation Programs 


and medical supervision. The manner 
in which these services were made 
available on the medical-nursing 
wards was not coordinated, and the 


needs of the stroke patient were not 


specifically stressed. The availability 
of these services is part of current 


_state-of-the-art health care. The same 


health care dollars invested ir. treating 
patients with stroke on scattered hos- 
pital wards by different nurses, thera- 
pists, and private physicians should be 
invested in clustering these patients 
under the care of a stroke rehabilita- 
tion team, with much better outcome 
results. Such teams, because of their 
focus and experience, enhance the ef- 
fects of therapy and improve outcome. 

There is no evidence tha: current 
rehabilitation methods affect the nat- 
ural recovery of motor, sensory, coor- 
dination, or visual deficits following 
stroke. They do allow the patient to 
cope with residual deficits more effec- 
tively and with greater independence. 
They teach the family how to provide 
any additional assistance necessary so 
that the patient is able to return to the 
community, avoiding institutional 
placement. 
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Do Not Improve Outcome 


Bruce H. Dobkin, MD 


Ne eurologists have a growing interest 

in supervising the rehabilitation 
of patients with stroke and other neu- 
rologic diseases.' While it is a natural 
extension of what we do as physicians, 
inpatient rehabilitation is also a grow- 
ing production: 72 free-standing and 
423 critical care hospital units received 
$210 million in 1987 from Medicare, all 
of which was excluded from the pro- 
spective payment system.? As neurolo- 
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gists enter this stage, we should try to 
leave in the wings the chorus of reha- 
bilitation specialists who lament that 
they cannot examine whether or not 
their programs improve important 
outcomes over those of the natural 
history of recovery, ie, when patients 
do not receive any therapy or when 
their therapy is nonspecific. 

A typical conclusion that was 
reacted in 1 of the 88 studies that has 
published .its outcomes in a refereed 
journal states’: 


Despite these methodologie limitations, 
this study confirmed the findings of prior 
investigations that patients improve func- 
tion during stroke rehabilitation and 


have minimal decline three months later. 


.. These findings... support the utiliza- 
tion of rehabilitation services regardless of 
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age, sex, side of hemiparesis, or degree of 
initial impairment. 

This is a glowing review of a program, 
but the playwright i is the critic for his 
own production. The literature and 
experience do support the notion that 
survivors of an acute stroke improve, 
but are these gains a consequence of 
the inpatient rehabilitation effort? 
While therapy might have seemed to 
have been of benefit, how improvement 
came about has not been made clear. 
Could the outcome have been facili- 
tated by any physical or behavioral 
art, perhaps spurred on by spontane- 
ous recovery ?* Does the course toward 
recovery depend on specific interven- 
tions? If so, do gains in one neurologic 
impairment, eg, visuoperceptual skills, 
that follow a particular training 
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method generalize to decrease disabil- 
ity, eg, in dressing or ambulation?’ — 

Some sense of the natural history of 
functional outcome for those who sur- 
vive a thrombotic or hemorrhagic 
stroke has been provided by two popu- 
lation studies. In the prospective 
Framingham study, 148 survivors 
were examined at least 6 months after 
their most recent stroke. Fifty-two 
percent had no motor impairment, 
22% were unable to ambulate 150 feet, 
and 32% were dependent in activities 
‘of daily living (ADL), based on the 
- Barthel Index. Most of the disabilities 
were secondary to the stroke, not to 
comorbid conditions. In a retrospec- 
tive study using the Mayo Clinic’s 
record linkage system,’ Rankin scores 
(1, no disability; 3, requires some help 
in ADL, but can walk; 4, unable to walk 
or do ADL without assistance; and 5, 
bedridden) were assigned to 251 one- 
week survivors of a first stroke. 
Twenty percent had scores ranging 
from 3 to 5 before the stroke. This in- 
creased to 75% at onset, then declined 
to57% at hospital discharge, to 40% at 
6 months, and to 38% at 1 year, when 
only half the cohort was available for 
evaluation. While 52% required phys- 
ical and occupational therapy starting 
about 5 days after the stroke, only 14% 
met criteria for transfer to a rehabil- 
itation program at a median of 17 days 
after onset. Patients who were admit- 
ted to a program did not improve in 
their Rankin scores any more than 
those who were not. 

In a review of 33 studies (involving 
5400 patients). that sought predictors 
of function after stroke, Jongbloed? 
found no variables that could antici- 
pate how well or how poorly an indi- 


vidual might do, except that patients - 


with a high functional score on admis- 
sion were: discharged with a higher 
score. These focused stroke rehabilita- 
tion programs reported outcomes for 
mobility and ADL that are similar to 
those of the Framingham and Mayo 
Clinic studies: 15% to 30% of patients 
could not ambulate at discharge with- 
out at least hands-on assistance, and 
50% to 65% needed more than super- 
vision for ADL. But, in general, the 
studies did not describe how much and 
what kind of therapy was given for 
specific neuromedical impairments 
and functional disabilities. Two thirds 
used outcome scales whose reliability 
and validity are unknown. Indeed, they 
are not comparable studies, because 
patients varied widely in age, in the 
degree and kinds of impairment and 
disability, in the timing between onset 
of stroke and start of any therapy (a 2- 
to 6-week delay was common), in the 
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length of stay in a rehabilitation set- 
ting (average stays ranged from 40 to 
70 days), and in the intervals at which 
assessments were made. Today, pa- 
tients admitted to a focused program 
under Medicare guidelines are a spe- 
cial subgroup of all stroke survivors. 
They were living independently or had 
reliable help and social support before 
the stroke; they require more than 
minimal assistance for mobility and 
ADL on transfer; and, starting an av- 
erage of 7 to 12 days after onset of 
stroke, they have an average of 23 to 33 
days to return to their living arrange- 
ment. With such disparate measures 
and populations and without matched 
controls for patients postulated to ben- 
efit from formal therapy, these reports 
cannot convince us that inpatient re- 
habilitation improves outcome. Others 
have sought proof of efficacy. 

A study of inpatient rehabilitation 


begun 6 months after stroke,’ presum-- 


ably beyond the time of spontaneous 
recovery, demonstrated gains in mo- 
bility and ADL. Patients randomly as- 
signed either to a specialized stroke 
unit or to an ordinary medical unit!*” 
did not show much difference in their 
mobility and self-care after discharge. 
Another randomized trial found equal 
functional recovery in patients as- 
signed to home or to hospital care.” 

Blind, controlled trials of a particu- 
lar approach to inpatient rehabilita- 
tion are nearly nonexistent. In a small 
group with diverse radiographic le- 
sions and a range of impairments, the 
patients were randomly assigned to 
physical and occupational therapy by 
either of two clinical methods: 
strengthening by muscle reeducation 
or graded sensory input by neuromus- 
cular facilitation." They improved in 
selective strength and ADL, regard- 
less of technique. A focused program 
that integrated biofeedback into more 
traditional therapies found no addi- 
tional functional gains.’ Language 
and cognitive therapies include a 
plethora of approaches, but their value 
is unclear, except perhaps in those sit- 
uations in which a succinct syndrome 
is defined." If inpatient rehabilita- 
tion programs have not shown that 
specified treatment strategies improve 
outcome, then we cannot know that 
focused programs are effective. But fo- 
cused programs are already playing in 
many medical theaters. Can they prove 
their worth? 

Medical complications might be pre- 
vented or treated with less morbidity 
in a specialized rehabilitation inpa- 
tient unit than in a facility with less 
intensive physician and nurse moni- 
toring. The decline in time from onset 


of stroke to transfer for inpatient re- 
habilitation under the influence of the 
diagnostic related group system por- 
tends that the majority of patients will 
arrive with unresolved medical 
complications. On the other hand, 
early admission to a focused program 
might reduce the errors of omission 
and commission that contribute to as- 
piration, unwanted spasticity, con- 
tractures, decubitus, depression, and 
pain. A wide range of psychosocial is- 
sues affect how any neurologic impair- 
ment translates into disability, hand- 
icap, and quality of life. The milieu of 
a unit may help patient and family ac- 
commodate te the emotional impact of 
abrupt incapacity. However, the most 
important proof of worth will be con- 
tained in outcome measures of impair- 
ment, functional behavior, and quality 
of a patient’s performance. Can we 
start out with some reliable and valid 
rating scalés that detect a continuum 
of important changes in outcome? 
The Uniform Data System for Med- 
ical Rehabilitation” offers reliability 
and the precision, with its seven-point 
scale, to detect differences over time 
that monitor traditional functional 
outcomes needéd for a discharge home. 
It also includes socioeconomic data 
that may determine discharge place- 
ment, and several measures of social 
handicaps that reflect quality of life. 
However, like all functional scales, it 
measures only disability, whether or 
not this is caused by the stroke. If re- 
covery of balance or useful sensorimo- 
tor function is at issue, the Fugl-Meyer 
Measurement of Motor Performance” 
helps to measure impairment, because 
it assesses both selective and synergis- 
tic movements, although it does not 
provide a graded measure of strength. 
Aberrant gait patterns, even in a func- 


. tional ambulator, can be analyzed for 


change. Recovery of language can be 
ascertained with many reliable and 
valid profiles of expression, compre- 
hension, and socially practical 
communication." 

To discern whether or not a specific 
inpatient strategy for rehabilitation 
works better than something else, re- 
searchers might stratify patients into 
subgroups determined by impair- 
ments attributable to the recent 
stroke. The subgroups could include 
patients with motor, sensorimotor, or 
sensorimotor plus visual field loss, and 
patients with any of these impair- 
ments plus language or cognitive loss. 
The controls in a study could be pa- 
tients within the subgroup or, where 
appropriate, among the subgroups. 
For all groups, cognitive skills, espe- 
clally those related to learning and 
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memory, might be assessed to see if 
improvements in them can facilitate 
recovery. Tests of mood, praxis, motor 
and auditory learning, attention, ver- 
bal and motor perseveration, and visu- 
ospatial function might be included. To 
determine when the effects of a ther- 
apy plateau, one might plot the proba- 
bility of achieving the best patient 
scores over time by the life table 
method.” 

What interventions might neurore- 
habilitation specialists tackle? None 


‘are sacred. The interdisciplinary team ` 


must examine what it believes it is do- 
ing and ask whether another approach 
for a subgroup or for all patients might 
be worth testing. The philcsophy and 
therapeutic options availab_e to a team 
fluctuate with its experience as thera- 
pists come and go. Some professionals 
have a more reinforcing, Dotentially 
more effective approach tran others. 
. This difference can complicéte any test 
of a therapeutic strategy within and 
between institutions. Academic pro- 
grams can bring to bear mclecular bi- 
ology, neuronal tissue cultures, animal 
models, and positron emiss.on tomog- 
raphy to assess physiologic and phar- 
macologic interventions taat might 
promote the morphological and neuro- 
chemical plasticity of tke injured 


brain. Physicians should be especially. 


interested in assessing medications 
that may interfere with recovery” and 
experimental drugs that night en- 
hance outcome. 


Stroke Rehabilitation 


Few areas in neurology are in 
greater need of critical examination 
than stroke rehabilitation. A preva- 
lence of 600 per 100000 population! 
makes stroke a leading cause of serious 
disability, and yet, Isaacs” lament has 
not been redressed: “Experts in stroke 
rehabilitation abound, but none of 
them has ever proven anything about 
rehabilitation to the satisfaction of 
anybody else.” The main problem 
stems from the dearth of methodolog- 
ically sound studies, a point on which 
all contributors to this ccntroversy 
agree. 

Reding and McDowell postulate a 
randomized study to assess the overall 
benefit of stroke rehabilitetion pro- 
grams, in which half the patients 
would receive rehabilitatior and half 
would not, and in which the outcome 
measures would be (1) the final level of 
functional outcome, (2) the time re- 
quired to reach the outcome goal, and 
(3) the number of patients discharged 
to home vs institutional care. They 
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As neurologists coax more science 
into the treatment plans and outcome 
measures of their focused rehabilita- 
tion programs, they will become more 
than bit players, and offer more than 
simply speaking the lines of those who 
preceded them on stage. 
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Phys Med Rehabil. 1982;68:21-24. . 

12. Sivenius J, Pyörälä K, Heinonen Q, Salonen 
J, Rienkkinen P. The significance of intensity of 
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14. Logigian M, Samuels M, Falconer J, Zager 
R. Clinical exercise trial for stroke patients. Arch 
Phys Med Rehabil. 1988;64:864-367. 
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Med Rehabil. 1985;66:353-359. 
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covery following cerebrovascular accident. Phys 
Ther. 1983;63:1606-1610. 
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38:36-41. 
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for at least 6 months, major depressive 
symptoms increasing with time? It 
may be that simple measures applied 
by family and unspecialized personnel 
are as effective as those accruing from 
specialized team approaches, whose 
results may reflect more the fact that 
something is being done than what:is 
being done. 

Stroke is heterogeneous and com- 
plex, and so is recovery from it. Precise 
definitions, accurate measures, and the 
addressing of one major rehabilitation 
strategy at a time is bound to yield 
slow but reliable answers. The alter- 
native is a continuous and costly quan- 
dary. 

— VLADIMIR HACHINSKI, MD, FRCPC 
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Opsoclonus in Organophosphate Poisoning 


Patrick Pullicino, MD, PhD, Josanne Aquilina, MD 


@ Transient opsocionus was observed 
in a patient who attempted suicide with 
the organophosphate Insecticide Malathi- 
on (diethyl! [dimethoxyphosphinothioyl] 
thiobutanedioate). Several toxins can 
cause opsoclonus, and these must be 
considered in Its differential diagnosis. 
Eye movement disorders are one of the 
more common manifestations of organo- 
phosphate Intoxication, and opsecionus 
should now be included among these. 
Acetylcholine may be a neurotransmitter 
in the ocular motor pathway. 

(Arch Neurol 1989;46:704-705) 


()psoclonus is an ocular movement 

disorder consisting of involun- 
tary, rapid, repetitive, chaotic, conju- 
gate saccades. It is a rare condition, 


the more common causes of which are 


viral encephalitides' and a paraneo- 
plastic manifestation of an occult 
malignant neoplasm. Opsoclonus 
may also be a pointer to intoxication 
by certain drugs and toxins, and the 
syndrome has been reported in ami- 
triptyline overdose’ and as a compli- 
cation of intoxication with thallium,’ 
lithium and haloperidol,’ toluene,‘ and 
organochlorine insecticides”? Al- 
though organophosphates have been 
reported to cause ocular nerve and 
gaze palsies’ and atypical ocular bob- 
bing, to our knowledge, opsoclonus 
has not previously been reported as a 
complication of this group of insecti- 
cides. We report the occurrence of 
opsoclonus following attempted sui- 
. cide by ingestion of the organophos- 
phate insecticide Malathion (dieth- 
yl{dimethoxyphosphinothioyl]|thiobu- 
tanedioate). 


REPORT OF A CASE 


A 29-year-old man with chronic para- 
noid schizophrenia since five years previ- 
ously, who was taking flupentixol decano- 
ate (20 mg) and procyclidine hydrochloride 
(10 mg, both intramuscularly weekly), 
thioridazine hydrochloride (50 mg three 
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times’ a day), trihexyphenidyl hydrochlo- 


ride (2 mg twice a day), and flurazepam 
hydrochloride (80 mg at night), had been 
found unconscious and smelling strongly of 
insecticide. A half-empty can of Malathion 
was found nearby. On admission he was 
unresponsive to painful stimuli and cya- 
notic. His pulse was 115 beats per minute 
and auscultation of the chest revealed dif- 
fuse coarse crepitations. The pupils were 2 
mm bilaterally, reacting briskly to light. 
Muscle tone was flaccid throughout, and no 
fasciculations were seen. There was no 
evidence of sialorrhea or diaphoresis, and 
the temperature was 36°C. Investigations 
showed a serum pseudocholinesterase level 
of 2000 U/L (normal, 3500 to 8500 U/L). on 
admission, decreasing to 363 U/L on the 
third hospital day. A drug screen showed 
no significant serum levels of hypnotics. A 
computed tomographic scan and an elec- 
troencephalogram were normal. 

The patient was intubated and venti- 
lated and given pralidoxime mesylate, 30 
mg/kg every four hours, and atropine sul- 
fate, intravenously. By the second day he 
was responding to commands but was very 
restless and aggressive. He was able to 
move all limbs with normal power but 
began to exhibit occasional twitches, and 
by the fifth hospital day he had generally 
increased muscle tone, symmetrically 


‘ brisk reflexes, tremulous movements of 


the limbs, and occasional episodes of gen- 
eralized shaking. 

On the second hospital day he was 
noticed to have ocular flutter, and by the 


following day he had developed opsoclonus. 


Ocular movements were full to command, 
and the pupils remained at 2 mm, reactive 
to light. The opsoclonus and increased tone 
in the limbs gradually resolved over the 
next two weeks, but movements of the 
limbs remained tremulous and the reflexes 
brisk. The patient later admitted to taking 


the Malathion as a suicide attempt. The ` 


serum pseudocholinesterase level became 
normal by the sixth day. 


COMMENT 
Opsoclonus is a disorder cf eye 


movements characterized by involun- 


tary bursts of multidirectional sac- 
cades without an intersaccadic inter- 


val." Zee and Robinson’ proposed 
that oscillations such as opsoclonus - 


might be due to a disorder of the 
mechanism by which pontine pause 
cells control burst cells. Dysfunction 
of the saccadic eye movement system 
and opsoclonus, however, might result 
from damage to any neuron system 


with input into this pontine system. 
This might explain why both cerebel- 
lar lesions”? and rostral dorsal mid- 
brain lesions’ have been found in 
cases with opscclonus, and why the 
pause neurons themselves have been 
found to be normal in opsoclonus. 

Malathion is one of a myriad of 
organophosphorus insecticides. Or- 
ganophosphates have been known to 
cause peripheral neuropathy for many 
years, on a pathological basis of 
demyelination.: The pyramidal tracts 
may also be damaged in the spinal 
cord,” and lesions have also been seen 
in the pons and medulla." Clinical 
data show that various central ner- 
vous system manifestations including 
central respiratory failure, impair- 
ment of consciousness, ataxia, sei- 
zures, and ocular signs may occur.’ 

Ocular motor disorders are one of 
the more common manifestations of 
organophosphate intoxication. Fif- 
teen percent of the cases of Wadia et 
al had ocular motor abnormalities, 
including total external ophthalmo- 
plegia, horizontal gaze paralysis, 
bilateral sixth-nerve palsy, third- 
nerve palsy, and slow eye movements. 
Atypical ocular bobbing has been 
described” and has been attributed to 
a midbrain lesion. However, there has 
been no previous report of opsoclo- 
nus. 

Organophosphates exert their ef- 
fect by inactivation of end-plate cho- 
linesterases.”” Central nervous system 
cholinergic neurons are found in the 
tectal and pretectal areas and in the 
midbrain tegmentum,” and dysfunc- 
tion at this level would fit one of the 
sites previously described as causing 
opsoclonus.'* The production of opso- 
clonus by organophosphates supports 
the suggestion of Hata et al’ that 
cholinergic neurons form part of the 


‘ocular motor pathway. 
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Cardiac Transplantation in a Patient With Muscular 
Dystrophy and Cardiomyopathy 


Peter D. Donofrio, MD; Venkata R. Challa, MD; Barry T. Hackshaw, MD; Stephen A. Mills, MD; A. Robert Cordell, MD 


è A 17-year-old boy with muscular dys- 
trophy developed a cardiomyopathy. His 
brother died of a cardiomyopathy, and 
muscle enzyme levels were elevated in 
asymptomatic family members. Examina- 
tion revealed cardiomegaly, hepatomega- 
ly, proximal muscle atrophy and weak- 
ness, and calf hypertrophy. Skeletal 
muscle and endomyocardial biopsy speci- 
mens were consistent with Becker’s mus- 
cular dystrophy. Because of intractable 
heart failure, orthotopic cardiac trans- 
plantation was performed. Two years 
after transplantation, the patient has 
returned to work and regained previous 
exercise tolerance. Heart transplantation 
can be an acceptable treatment of 
patients who have muscular dystrophy, 
with preserved ambulation and favorable 
life expectancy, and also life-threatening 
cardiomyopathy refractory to medical 
management. 

(Arch Neurol 1989;46:705-707) 


ith the advent of effective immu- 
nosuppressant agents, cardiac 
transplantation has become an ac- 
cepted procedure for irreversible myo- 
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cardial disease. We describe success- 
ful cardiac transplantation in an 
ambulatory patient with presumed 
Becker’s muscular dystrophy and car- 
diomyopathy. 


REPORT OF CASES 


Case 1.—A 17-year-old boy was evalu- 
ated for a one-month history of nausea, 
vomiting, and dyspnea. He was the 
youngest of three siblings, the product of a 
normal pregnancy and delivery. His early 
development was normal. At the age of 9 
years, during evaluation of his older broth- 
er (case 2), his serum creatine kinase level 
was 3640 U/L (normal range, 50 to 130 
U/L). He began to experience progressive 
difficulty in running and climbing at the 
age of 13 years. 

An examination revealed tachycardia, 
marked cardiomegaly, and hepatomegaly. 
There was atrophy and weakness of the hip 
and shoulder girdle muscles and calf 
hypertrophy. Reflexes were absent, and 
sensory examination results were normal. 
He displayed difficulty in arising from a 
chair and squatting position. 

The patient’s serum creatine kinase level 
was 1503 U/L. A chest x-ray film revealed 
an enlarged heart and normal lung fields. 
An electrocardiogram showed biatrial 
enlargement and left ventricular hypertro- 
phy. An echocardiogram demonstrated a 
dilated and poorly contractile left ventri- 
cle. The ejection fraction was 20%. Biopsy 
specimens of skeletal muscle and endomyo- 
cardium were interpreted as consistent 
with Becker’s muscular dystrophy. 

Because of irreversible heart failure, 
transplantation was performed. Since dis- 
charge, periodic percutaneous endomyo- 
cardial biopsy specimens have shown no 
rejection activity. Two years after trans- 
plantation, he has returned to employment 


in a clerical position. Axial and extremity 
strength have remain unchanged, but car- 
diovascular function has improved dra- 
matically. He climbs 12 steps and walks up 
to 0.8 km daily. Repeated echocardiogra- 
phy has demonstrated normal left ventric- 
ular chamber size and contractility. His 
serum creatine kinase level remains ele- 
vated at 4335 U/L. 

Case 2.—The brother of patient 1 began 
to experience difficulty in running at the 
age of 10 years. When patient 2 was evalu- 
ated at the age of 16 years for subacute 
congestive heart failure, an examination 
revealed weakness and atrophy of proxi- 
mal muscles, calf hypertrophy, absent 
reflexes, exaggerated lordotic posture, and 
waddling gait. His serum creatine kinase 
level was 3640 U/L. A skeletal muscle 
biopsy specimen and electromyographic 
findings were consistent with severe mus- 
cular dystrophy. His heart failure 
responded well to digitalization and 
diuretics; he was discharged with the diag- 
nosis of Becker’s muscular dystrophy and 
cardiomyopathy. Four months after dis- 
charge, he died of intractable heart failure 
at a local hospital. No autopsy was 
advised. 

During his first hospitalization, other 
family members were evaluated for mus- 
cular dystrophy. The serum creatine 
kinase level was elevated in his asympto- 
matic mother (252 U/L) and sister (172 
U/L), but not in his father (110 U/L). 


PATHOLOGIC FINDINGS 


The skeletal muscle biopsy speci- 
men in patient 1 showed an increase 
in internal nuclei, frequent split 
fibers, rare necrotic fibers, and mod- 
erate endomysial fibrosis (Fig 1). 
There was a striking variation in the 
size of type I and II fibers with hyper- 
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Fig 1.—Skeletal muscle biopsy specimen in 
case 1 reveals variation in fiber size, hypertro- 
phic fibers, angular fibers (arrowhead), split 
fiber (arrow), internalization of nuclei, and 
endomysial fibrosis (hematoxylin-eosin, 
X 180). 


trophic and rounded atrophic fibers 
(Fig 2). Of interest were focal angular 
atrophic fibers that suggested neuro- 
genic changes, but typical small- or 
large-group atrophy was absent. An 
ultrastructural examination of the 
muscle biopsy specimen showed endo- 
mysial fibrosis, splitting of the basal 
laminae, disorganization of Z bands 
and myofilaments, and rare honey- 
comb structures. These light and elec- 
tron microscopic abnormalities were 
interpreted as being most consistent 
with Becker’s muscular dystrophy. 

The myocardial biopsy specimen 
showed severe endocardial and inter- 
stitial fibrosis, along with numerous 
hypertrophic and atrophic fibers (Fig 
3). Focal necrotic myocytes were 
noted (Fig 4). There was no inflamma- 
tion or accumulation of glycogen, 
amyloid, or iron. An ultrastructural 
examination of the heart biopsy speci- 
men showed foci of disorganization of 
myofilaments and Z bands, foci of 
severe clumping of intercalated disks, 
and severe pericellular fibrosis. The 
sarcoplasmic reticulum and mito- 
chondria showed dilatation and disor- 
ganization. 

The recipient heart was symmetri- 
cally large and globular. Both ventri- 
cles were severely dilated with focal 
endocardial fibrosis of the right ven- 
tricle and diffuse thickening of the 
left ventricle (Fig 5). There was no 
evidence of congenital anomalies, 
hypertrophic subaortic stenosis, or 
coronary artery disease. The myocar- 
dium of both ventricles, especially the 
left, showed whitish-yellow foci of 
fibrosis that were most prominent 
under the epicardium and in the mid- 
myocardium. Microscopic examina- 
tion showed severe focal and often 
confluent fibrosis in subepicardial 
and middle zones of the myocardium. 
Focal necrotic fibers and small foci of 
fibrosis were seen in the conduction 
system. 
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Fig 2.—Skeletal muscle biopsy specimen in 
case 1 shows variability in size with atrophic 
fibers of both types, (adenosine triphospha- 
tase, X260). 





Fig 4.—Myocardial biopsy specimen in case 1 
shows necrotic fiber (arrow) undergoing 
advanced phagocytosis (hematoxylin-eosin, 
X 360). 


COMMENT 


This report has described two 
brothers with muscular dystrophy 
and rapidly progressive cardiomyopa- 
thy. Although limb strength did not 
improve, cardiac transplantation has 
restored the first patient to his previ- 
ous cardiovascular performance. 

Cardiac complications are common 
in muscular dystrophies, but cardio- 
myopathy is a rare occurrence.'~ In a 
study of 139 patients with Duchenne’s 
muscular dystrophy, Gilroy et al? 
observed resting tachycardia in 124 
patients and an abnormal electrocar- 
diogram in 75 of 111 tested patients. 
Only two patients were found to have 
cardiac enlargement, one of whom 
died of congestive failure. In a similar, 
but smaller series, Weisenfeld and 
Messinger® identified a clinical abnor- 
mality in 85% of patients with 
Duchenne’s muscular dystrophy; four 
of their 44 patients manifested heart 
failure. 

Bradley and colleagues’ reported 
heart involvement in 46% of patients 
with Becker’s muscular dystrophy. 
This condition resembles Duchenne’s 
muscular dystrophy, yet it presents 
later in life, is slower in progression, 
and has a better prognosis.’ Of those 
patients with cardiac disease de- 
scribed by Bradley et al,’ only one had 


Fig 3.—Myocardial biopsy specimen in case 1 
shows severe interstitial fibrosis and atrophic 
and hypertrophic fibers (Masson trichrome, 
X 180). 





Fig 5.—Cross section of heart through ventri- 
cles in case 1 shows foci of fibrosis (arrow- 
head) with confluence in subepicardial region 
near asterisk. Both ventricles are dilated. 


congestive signs. As in other muscular 
dystrophies, electrocardiographic ab- 
normalities predominate.*!! Several 
other reports exist of cardiac compli- 
cations in Becker’s muscular dystro- 
phy, but clinical cardiomegaly or con- 
gestive heart failure is rare.'®!*!* Con- 
cordance for heart involvement in 
families with Becker’s muscular dys- 
trophy is suggested by Wadia and 
associates’ study of five patients in a 
family, three of whom had abnormal 
electrocardiograms. 

Cardiac dysrhythmia is present in 
most patients with Emery-Dreifuss 
muscular dystrophy.” This latter dis- 
ease is a slowly progressive, X-linked 
recessive illness that presents as 
humeral-peroneal weakness and 
wasting, and flexion contractures of 
extremity and axial tendons.” The 
age at onset usually ranges from 5 to 
15 years. Precipitous early death has 
been attributed to profound bradycar- 
dia, permanent atrial paralysis, or 
complete heart block.® Despite the 
prevalence of cardiac dysrhythmia, 
ventricular muscle is infrequently 
affected. In an extensive analysis by 
Waters et al” of 37 men with Emery- 
Dreifuss muscular dystrophy from 
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two families, only three had cardio- 
megaly; none had clinical evidence of 
congestive heart failure. 

Involvement of the heart is also 
well known in myotonic dystrophy, a 
predominantly distal myopathy with 
extensive systemic associations.” 
Other myopathic conditions in which 
cardiomyopathy has been described 
include centronuclear myopathy,” 
mitochondrial myopathy,” carnitine 
deficiency,” debranching enzyme 
deficiency,” and scapuloperoneal syn- 
drome.” 

Precise classification of the muscu- 
lar dystrophy that was afflicting this 
family was difficult, since only two 
people were affected. The X-linked 
recessive transmission was suggested 
by the identical disease presentation 
in the two brothers, the elevated mus- 
cle enzyme levels in their asympto- 
matic mother and sister, and a normal 
muscle enzyme level in their father. 
The absence of expression in other 
family members diminished the likeli- 
hood of an autosomal dominant or 
recessive illness. Furthermore, the 
serum creatine kinase level elevation 
in the carriers of autosomal dominant 
or recessive disease would not be 
expected. The lack of male offspring 
on the maternal side of the family and 
the refusal of muscle enzyme level 
determinations in several crucial fam- 
ily members further complicated 
genetic discovery. The DNA studies of 
the leukocytes in patient 1 did not 
detect a deletion for the following 
probe/enzyme polymorphisms: 87- 
15(Taq1), 87-8(Taql), 87-1(Xmn1), 87- 
JBir(BamHI), 87-15(Xmnl1), and 
Xjl.1(Taql) (A. Roses, MD, written 
communication, Sept 1, 1987). 

The clinical features of the two 
brothers best satisfied the criterion 
for Becker’s muscular dystrophy as 
proposed by Bradley et al.’ The age at 
disease onset, ambulatory state, 
absence of contractures, electrocar- 
diographic characteristics, and mus- 
cle pathologic conditions militate 
against other genetic muscle diseases. 
Since the detection rate for Xp21 dele- 
tions in Becker’s muscular dystrophy 
using DNA probes has ranged from 
1.3%*' to 9%,” the presence of hybrid- 
ization in case 1 does not eliminate 
Becker’s muscular dystrophy as the 
most likely diagnosis. Other possibili- 
ties would be outliers for Duchenne’s 
and Becker’s muscular dystrophies” 
or an autosomal recessive muscular 
dystrophy, phenotypically indistin- 
guishable from Duchenne’s and Beck- 
er’s muscular dystrophies, as recently 
described by Fischbeck and col- 
leagues* using DNA probes. Unfortu- 
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nately, no skeletal or myocardial tis- 
sue has remained for determination of 
dystrophin levels.” 

Transplantation of a normal organ 
into a patient with an inherited dys- 
trophy raises questions about the 
potential for transmission of genetic 
information from organ to organ. If a 
transplanted heart becomes involved 
by the same dystrophic process as the 
original heart, this suggests transfer- 
ence of the biochemical defect from 
the recipient tissue to the donated 
organ. Conversely, preservation of 
cardiac function (as in case 1), in the 
absence of acute or chronic rejection, 
would imply a nonoccurrence of genet- 
ic transmission. The implications of 
chronic immunosuppression, neces- 
sary in all transplantation patients, 
further obscure this interpretation. 

In general, cardiac transplantation 
is not advisable in patients with mus- 
cular dystrophy and cardiomyopathy 
because of the poor long-term progno- 
sis of the muscle disorder. Neverthe- 
less, in ambulatory patients with 
slowly progressive disease, transplan- 
tation may play a role in manage- 
ment. 
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728 West Algonquin Road (Arlington Heights) 
NEUROSURGICAL SYMPOSIA (NEURO 700) 
JULY 13-14-15 © 27-28-29 
AUGUST 21-22-23 
SEPTEMBER 6-78 ¢ 21-22-23 
WORKSHOPS: The workshops are held each day from 7:00 
a.m. to 1:00 p.m. They will emphasize a series of structured exer- 
cises, utilizing appropriate animal bones, skeletal bones, 
bioplastics and biometals. 
NEUROSURGEONS—dissection skills for bonework of the cranium 
and spine, including attention to bioplastics and biometals appli- 
cable to neurosurgery. 
OR PERSONNEL—dissection skills to become familiar with the 
applications of power instrumentation; discussion of and participa- 
tion in problem solving, care, and proper maintenance of power 
equipment. 
ENROLLMENT: Fee (US$): Surgeon $965.00; Resident $585.00 
(with letter from Department Head); All Operat- 
ing Room Personnel (RN/CST/PA/Other) 
$250.00. Make check to “Chicago Sympo- 
sium.” Mail to: Midas Rex Institute, 2929 Race 
Street, Fort Worth, Texas 76111. 


Phone: 800-433-7639 or 817-831-2604. 


MIDAS REX® INSTITUTE 
HANDS-ON WORKSHOPS* 


Also Plastic, ENT, Craniofacial, Maxillofacial, etc. 
OCTOBER 54-7 © 23-24-25 

NOVEMBER 13-14-15 © 27-28-29 
DECEMBER 11-12-13 


“Modern Dissection Techniques Of Bone, 
Biometals, Bioceramics, and Bioplastics” 


OR PERSONNEL SYMPOSIUM (ORP 700) 
Symposium for OR Personnel only: 
JULY 24-25-26 


AREA ATTRACTIONS: 


MUSEUMS—Chicago Academy of Sciences, Chicago Historical 
Society, Museum of Contemporary Art, Art Institute of Chicago, 
Field Museum of Natural History. 


SIGHTSEEING—Shedd Aquarium, Adler Planetarium, Buckingham 
Fountain. 


PERFORMING ARTS—Chicago Sym- 
phony Orchestra, Lyric Opera of 
Chicago, ballet, recitals, concerts and 

opera. 


SPECTATOR SPORTS—White Sox in 
Comiskey Park, Cubs in Wrigley Field, 
Sting (soccer) in Chicago Stadium, 
Bears at Soldier Field, Blackhawks in 
Chicago Stadium, and horse racing 

year round. 


*Join the more 
than 7,300 
enrollees who 
have completed 
Midas Rex 
Hands-On 
Workshops. 
(3,700 Ortho- 
paedic Sur- 
geons; 1,500 
Neurosur- 
geons; 2,100 

- OR Personnel) 
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RAP™ _ TheLessSedating Therapy for Tourette Syndrome 


(pimozide) Tablets 


INDICATIONS AND USAGE 
ORAP (pimozide) is indicated for the suppression of motor and phonic tics in patients 
with Tourette's Disorder who have failed to respond satisfactorily to standard treatment 
ORAP is not intended as a treatment of first choice nor ıs it intended for the treatment for 
tics that are merely annoying or cosmetically troublesome. ORAP should be reserved for 
use in Tourette s Disorder patients whose development and/or daily life function is 
severely compromised by the presence of motor and phonic tics. 
Evidence supporting approval of pimozide for use in Tourette s Disorder was obtained 
in two controlled clinical investigahons which enrolled patients between the ages of 8 and 
53 years Most subjects in the two trials were 12 or older. 


CONTRAINDICATIONS 


1. ORAP (pimozide) is contraindicated in the treatment of simple tics or tics other 
than associated withTourette s Disorder 

2. ORAP should not be used in patients taking drugs that may, themselves, cause 
motor and phonic tics (e.g., pemoline, methylphenidate and amphetamines) until 
such patients have been withdrawn from these drugs to determine whether or not 
the drugs, rather than Tourette's Disorder. are responsible for the tics 

3. Because ORAP prolongs the QT interval of the electrocardiogram it is 
contraindicated in patients with congenital long QT syndrome, patients with a 
history of cardiac arrhythmias, or patients taking other drugs which prolong the QT 
interval of the electrocardiogram (see DRUG INTERACTIONS) 

4. ORAP ıs contraindicated in patients with severe toxic central nervous system 
depression or comatose states from any cause 

5. ORAP ts contraindicated in patients with hypersensitivity to it. As it ts not known 
whether cross-sensitivity exists among the antipsychotics, pimozide should be 
used with appropriate caution in patents who have demonstrated hypersensitivity 
to other antipsychotic drugs 


WARNINGS 
The use of ORAP (pimozide) in the treatment of Tourette s Disorder involves different 
nsk/benefit considerations than when antipsychotic drugs are used to treat other 
conditions ently, a decision to use ORAP should take into consideration the 
following: (see also PRECAUTIONS~information for Patients) 


Tardive Dyskinesia A syndrome consisting of potentially irreversible, involuntary, 
dyskinetic movements may develop in patients treated with antipsychotic drugs 
Although the prevalence of the syndrome appears to be highest among the elderty, 
especially elderty women, it is impossible to rely upon prevalence estimates to predict, at 
the inception of antipsychotic treatment. which patients are likely to develop the 
syndrome. Whether antipsychotic drug products differ in their potential to cause tardive 
dyskinesia is unknown 

Both the risk of developing tardive dyskinesia and the likelihood that it will become 
irreversible are believed to increase as the duration of treatment is withdrawn. 
Antipsychotic treatment, itself, however, may suppress (or partially suppress) the signs 
and symptoms of the syndrome and thereby may possibly mask the underlying process. 
The effect that symptomatic suppression has upon the long-term course of the 
syndrome is unknown 

Given these considerations, antipsychotic drugs should be prescribed in a manner 
that is most likely to minimize the occurrence of tardive dyskinesia. Chronic 
antipsychotic treatment should generally be reserved for patients who suffer from a 
chronic iliness that, 1) is known to respond to antipsychotic drugs, and, 2) for whom 
alternative, equally effective, but potentially less harmful treatments are not available or 
appropriate. In patients who do require chronic treatment, the smallest dose and the 
shortest duration of treatment producing a satistactory clinical response should be 
sought. The need for continued treatment should be reassessed penodically 

If signs and symptoms of tardive dyskinesia appear in a patient on antipsychotics, 
drug discontinuation should be considered. However, some patients may require 
treatment despite the presence of the syndrome 

(For further information about the description of tardive dyskinesia and its clinical 
detection, please refer to ADVERSE REACTIONS and PRECAUTIONS—intormation for 
Patients.) 


Neuroleptic Malignant Syndrome (NMS) A potentially fatal symptom complex 
sometimes referred to as Neuroleptic Malignant Syndrome (NMS) has been reported in 
association with antipsychotic drugs. Clinical manifestations of NMS are hyperpyrexia, 
muscle rigidity, altered mental status (including catatonic signs) and evidence of 
autonomic instability (irregular pulse or blood pressure, tachycardia, diaphorests, and 
cardiac dysrhythmias). Additional signs may include elevated creatine phosphokinase, 
myoglobinuria (rhabdomyolysis) and acute renal failure. 

The diagnostic evaluation of patients with this syndrome is complicated. In arriving at 
a diagnosis, it is important to identify cases where the clinical presentation includes both 
serious medical illness (e.g., pneumonia, systemic infection, etc.) and untreated or 
inadequately treated extrapyramidal signs and symptoms (EPS). Other important 
considerations in the differential diagnosis include central anticholinergic toxicity, heat 
stroke, drug fever and primary central nervous system (CNS) pathology 

The management of NMS should include 1) immediate discontinuation of 
antipsychotic drugs and other drugs not essential to concurrent therapy, 2) intensive 
symptomatic treatment and medical monitoring, and 3) treatment of any concomitant 
serious medical problems for which specific treatments are available. There is no general 
agreement about specific pharmacological treatment regimens for uncomplicated NMS 

If a patient requires antipsychotic drug treatment after recovery from NMS, the 
potential reintroduction of drug therapy should be carefully considered. The patient 
should be carefully monitored, since recurrences of NMS have been reported 

Hyperpyrexia, not associated with the above symptom complex, has been reported 
with other antipsychotic drugs 
Other Sudden, unexpected deaths have occurred in experimental studies of conditions 
other than Tourette's Disorder These deaths occurred while patients were recerving 
dosages in the range of 1 mg per kg. One possible mechanism for such deaths is 
prolongation of the QT interval predisposing patients to ventricular arrhythmia. An 
electrocardiogram should be performed before ORAP treatment is initiated and 
penodically thereafter, especially during the period of dose adjustment 

ORAP may have a tumorigenic potential. Based on studies conducted in mice, it is 
known that pimozide can produce a dose related increase in pituitary tumors. The full 
significance of this finding is not known, but should be taken into consideration in the 
physician's and patient's decisions to use this drug product. This finding should be given 
special consideration when the patient is young and chronic use of pimozide is 
anticipated. (see PRECAUTIONS—Carcinogenesis, Mutagenesis, Impairment of Fertility) 


PRECAUTIONS 

General ORAP (pimozide) may impair the mental and/or physical abilities required tor 
the performance of potentially hazardous tasks, such as driving a car or operating 
machinery, especially during the first few days of therapy 

ORAP produces anticholinergic side effects and should be used with caution in 
individuals whose conditions may be aggravated by anticholinergic activity 

ORAP should be administered cautiously to patients with impairment of liver or 
kidney function, because it is metabolized by the liver and excreted by the kidneys 

Antipsychotics should be administered with caution to patients receiving 
anticonvulsant medication, with a history of seizures, or with EEG abnormalities, because 
they may lower the convulsive threshold. If indicated, adequate anticonvulsant therapy 
should be maintained concomitantly. 


Labaratory Tests An ECG should be done at baseline and periodically thereafter 
throughout the penod of dose adjustment. Any indication of prolongation of QT, interval 
beyond an absolute limit of 0.47 seconds (children) or 0.52 seconds (adults), or more 
than 25% above the patient's original baseline should be considered a basis for stopping 
further dose increase (see CONTRAINDICATIONS) and considenng a lower dose 


Since hypokalemia has been associated with ventricular arrhythmias, potassium 
insufficiency, secondary to diuretics, diarrhea, or other cause, should be corrected before 
ORAP therapy is initiated and normal potassium maintained during therapy 


Drug Interactions Because ORAP prolongs the QT interval of the electrocardiogram, an 
additive effect on OT interval would be anticipated if administered with other drugs, such 


as phenothiazines, tncyclic antidepressants or antiarrhythmic agents, which prolong the 
QT interval Such concomitant administration should not be undertaken (see 
CONTRAINDICATIONS) 


ORAP may be capable of potentiating CNS depressants, including analgesics. 
sedatives, anxiolytics. and alcohol 


Carcinogenesis, Mutagenesis, Impairment of Fertility Carcinogenicity studies were 
conducted in mice and rats. In mice, pimozide causes a dose-related increase in pituitary 
and mammary tumors 

When mice were treated for up to 18 months with pimozide, pituitary gland changes 
developed in females only. These changes were characterized as hyperplasia at doses 
approximating the human dose and adenoma at doses about fifteen times the maximum 
recommended human dose on a mg per kg basis. The mechanism tor the induction of 
pituitary tumors in mice is not known 

Mammary gland tumors in female mice were also mcreased, but these tumors are 
expected in rodents treated with antipsychotic drugs which elevate prolactin levels. 
Chronic administration of an antipsychotic also causes elevated prolactin levels in 
humans. Tissue culture experiments indicate that approximately one-third of human 
breast cancers are prolactin-dependent in vitro, a factor of potential importance if the 
prescription of these drugs is contemplated in a patient with a previously detected breast 
cancer, Although disturbances such as galactorrhea, amenorrhea, gynecomastia, and 
impotence have been reported with antipsychotic drugs, the clinical significance of 
elevated serum prolactin levels is unknown for most patients. Neither clinical studies nor 
epidemiologic studies conducted to date have shown an association between chronic 
administration of these drugs and mammary tumongenesis. The available evidence, 
however, is considered too limited to be conclusive at this ime 

In a 24 month carcinogenicity study in rats, animals received up to 50 times the 
maximum recommended human dose. No increased incidence of overall tumors or 
tumors at any site was observed in either sex Because of the limited number of animals 
surviving this study, the meaning of these results is unclear 

Pimozide did not have mutagenic activity in the Ames test with four bacterial test 
Strains, in the mouse dominant lethal test or in the micronucleus test in rats 

Reproduction studies in animals were not adequate to assess all aspects of fertility 
Nevertheless, female rats administered pimozide had prolonged estrus cycles, an effect 
also produced by other antipsychotic drugs 


Preanancy Category C Reproduction studies pertormed in rats and rabbits at oral doses 
up to 8 times the maximum human dose did not reveal evidence of teratogenicity In the 
rat, however, this multiple of the human dose resulted in decreased pregnancies and in 
the retarded development of fetuses These effects are thought to be due to an inhibition 
or delay in implantation which is aiso observed in rodents administered other 
antipsychotic drugs. In the rabbit, maternal toxicity, mortality, decreased weight gain, 
and embryotoxicity including increased resorptions were dose related. Because animal 
reproduction studies are not always predictive of human response, pimozide should be 
given to a pregnant woman only if the potential benefits of treatment clearty outweigh the 
potential risks 


Labor and Delivery This drug has no recognized use in labor or delivery 


Nursing Mothers Itis not known whether pimozide is excreted in human milk. Because 
many drugs are excreted in human milk and because of the potential for tumorigenicity 
and unknown cardiovascular effects in the infant, a decision should be made whether to 
discontinue nursing or to discontinue the drug, taking into account the importance of the 
drug to the mother 


Pediatnc Use Although Tourette's Disorder most often has its onset between the ages of 
2 and 15 years, information on the use and efficacy of ORAP in patients less than 12 
years of age is limited 

Because its use and safety have not been evaluated in other childhood disorders, 
ORAP is not recommended for use in any condition other than Tourette's Disorder 


ADVERSE REACTIONS 
General’ Extrapyramidal Reactions: Neuromuscular (extrapyramidal) reactions dunng 
the administration of ORAP (pimozide) heve been reported frequently, often during the 
first few days of treatment In most patients, these reactions involved Parkinson-like 
symptoms which, when first observed, were usually mild to moderately severe and 
usually reversible 

Other types of neuromuscular reactions (motor restlessness, dystonia, akathisia, 
hyperreflexia, opisthotonos, oculogyric crises) have been reported far less frequently 
Severe extrapyramidal reactions have been reported to occur at relatively low doses 
Generally the occurrence and severity of mest extrapyramidal symptoms are dose related 
since they occur at relatively high doses and have been shown to disappear or become 
less severe when the dose is reduced. Acmuinistraton of antparkinson drugs such as 
benztropine mesylate or tnhexyphenidyl hydrochloride may be required for control of 
such reactions. It should be noted that persistent extrapyramidal reactions have been 
reported and that the drug may have to be discontinued in such cases. 

Withdrawal Emerge: Neurological Signs Generally, patients receiving short term 
therapy experience no problems with abrupt discontinuation of antipsychotic drugs 
However, some patients on maintenance treatment expenence transient dyskinetic signs 
after abrupt withdrawal In certain of these cases the dyskinetic movements are 
indistinguishable from the syndrome described below under Tardive Dyskinesia’ except 
for duration It is not known whether gradual withdrawal of antipsychotic drugs will 
reduce the rate of occurrence of withdrawal emergent neurological signs but until further 
evidence Decomes available, it seems reasonable to gradually withdraw use of ORAP. 

Tardive Dyskinesia. ORAP may be associated with persistent dyskinesias. Tardive 
dyskinesia, a syndrome consisting of potentially irreversible, involuntary, dyskinetic 
movements, may appear in some patients on long-term therapy or may occur after drug 
therapy has been discontinued The risk appears to be greater in elderly patients on high- 
dose therapy, especially females. The symptoms are persistent and in some patients 
appear irreversible. The syndrome is characterized by rhythmical involuntary 
movements of tongue, face. mouth or jaw (e.g., protrusion of tongue, puffing of cheeks, 
puckering of mouth, chewing movements). Sometimes these may be accompanied by 
involuntary movements of extremities and the trunk. 

There is no known effective treatment for tardive dyskinesia antiparkinson agents 
usually do not alleviate the symptoms of this syndrome. It is suggested that all 
antipsychotic agents be discontinued if these symptoms appear. Should it be necessary 
to reinstitute treatment, or increase the dosage of the agent. or switch to a different 
antipsychotic agent, this syndrome may be masked. 

It has been reported that fine vermicular movement of the tongue may be an earty 
sign of tardrve dyskinesia and if the medication is stopped at that time the syndrome may 
not develop 

Electrocardiographic Changes Electrocardiographic changes have been observed in 
Clinical trials of ORAP in Tourette's Disorder and schizophrenia. These have included 
prolongation of the QT interval, flattening, notching and inversion of the T wave and the 
appearance of U waves. Sudden, unexpected deaths and grand mal seizure have 
occurred at doses above 20 mg/day 

Neuroleptic Malignant Syndrome: Neurolepuc malignant syndrome (NMS) has been 
reported with ORAP. (See WARNINGS for further information concerning NMS.) 

Hyperpyrexia- Hyperpyrexia has been reported with other antipsychotic drugs. 


Clinical Tnals The following adverse reaction tabulation was derived from 20 patients in 
a 6 week long placebo controlled clinical trial of ORAP in Tourette s Disorder. 


Body System Pimozide Placebo 
Adverse Reaction (N = 20) iN = 20) 


Body as a Whole 
Headache 1 2 


Gastrointestinal 
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Body/Systenv Pimozide Placebo 

Adverse Reaction (N = 20) (N = 20) 

Endocnne 

Menstrual disorder 0 1 

Breast secretions 0 1 

Musculoskeletal 

Muscle cramps 0 1 

Muscle tightness 3 0 

Stooped posture 2 0 

CNS 

Drowsiness 7 3 

Sedation 14 5 

Insomnia 2 2 

Dizziness 0 1 

Akathisia 8 0 

Rigidity 2 0 

Speech disorder 2 0 

Handwriting change 1 0 

Akinesia 8 0 

Psychiatric 

Depression 2 3 

Excitement 0 1 

Nervous 1 0 

Adverse behavior 5 0 
effect 

Special Sense 

Visual disturbance 4 0 

Taste change 1 0 

Sensitivity of eyes 1 0 
to light 

Decreased accom 4 1 
modation 

Spots before eyes 0 1 

Urogenital 

Impotence 3 0 


Because clinical investigational experience with ORAP in Tourette's Disorder is 
limited, uncommon adverse reactions may not have been detected. The physician 
should consider that other adverse reactions associated with antipsychotics may occur. 


Other Adverse Reactions \n addition to the adverse reactions listed above, those listed 
below have been reported in U.S. clinical trials of ORAP in conditions other than 
Tourette s Disorder. 

Body as a Whole: Asthenia, chest pain, penorbital edema 

Cardiovascular/Respiratory Postural hypotension, hypotension, hypertension, 
tachycardia, 

Gastrointestinal: Increased salivation, nausea, vomiting, anorexia, GI distress 

Endocrine: Loss of libido 

Metabolic/Nutritional’ Weight gain, weight loss 

Central Nervous System: Dizziness, tremor, parkinsonism, fainting, dyskinesia 

Psychiatric: Excitement 

Skin: Rash, sweating, skin irritation 

Special Senses. Blurred vision, cataracts 

Urogenital: Nocturia, urinary frequency 
Postmarketing Reports The following experiences were described in spontaneous 
postmarketing reports. These reports do not provide sufficient information to establish a 
Clear causal relationship with the use of ORAP. 

Hematologic’ Hemolytic anemia 


In general, the signs and symptoms of with ORAP (pimozide) would be 
an exaggeration of known pharmacologic effects and adverse reactions, the most 
prominent of which would be: 1) electrocardiographic abnormalities, 2) severe 
extrapyramidal reactions, 3) hypotension, 4) a comatose state with respiratory 
depression. 

In the event of overdosage, gastric lavage, establishment of a patent airway and, if 
necessary mechanically-assisted respiration are advised. Electrocardiographic 
monitoring should commence immediately and continue until the ECG parameters are 
within the normal range. Hypotension and circulatory collapse may be counteracted by 
use of intravenous fluids, plasma, or concentrated albumin, and vasopressor agents such 
as metaraminol, phenylephnne and norepinephrine. Epinephrine should not be used. In 
case of severe extrapyramidal reactions, antiparkinson medication should be 
administered. Because of the long half-life of pimozide, patients who take an overdose 
should be observed for at least 4 days. As with all drugs, the physician should consider 
contacting a poison control center for additional information on the treatment of 
overdose 


DOSAGE AND ADMINISTRATION 

Reliable dose response data for the effects of ORAP (pimozide) on tic manifestations 
in Tourette's Disorder patients below the age of twelve are not available. Consequently, 
the suppression of tics by ORAP requires a slow and gradual introduction of the drug. 
The patient's dose should be carefully adjusted to a point where the suppression of tics 
and the relief afforded is balanced against the untoward side effects of the drug. 

An ECG should be done at baseline and periodically thereafter, especially during the 
period of dose adjustment (see WARNINGS and PRECAUTIONS—Laboratory Tests). 

In general, treatment with ORAP should be initiated with a dose of 1 to 2 mg a day in 
divided doses. The dose may be increased thereafter every other day. Most patlents are 
maintained at less than 0.2 mg/kg per day, or 10 mg/day, whichever is less. Doses 
greater than 0.2 mg/kg/day or 10 mg/day are not recommended. 

Periodic attempts should be made to reduce the dosage of ORAP to see whether or 
not tics persist at the level and extent first identified. In attempts to reduce the dosage of 
ORAP, consideration should be given to the possibility that increases of tic intensity and 
frequency may represent a transient, withdrawal related phenomenon rather than a return 
of disease symptoms. Specifically, one to two weeks should be allowed to elapse before 
one concludes that an increase in tic manifestations is a function of the underlying 
disease syndrome rather than a response to drug withdrawal. A gradual withdrawal is 
recommended in any case 


HOW SUPPLIED 
ORAP (pimozide) 2 mg tablets, white, scored, imprint LEMMON’ and ‘ORAP 2'-NDC 
0093-0187-01, bottles of 100 
Dispense in tight, light-resistant containers as defined in the official compendium. 


Made in Canada 


Manufactured by: 
McNeil Pharmaceutical, (Canada) Ltd. 
Stouffville, Ontario L4A 7x7 
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Excellent 
Symptom Control 


“Piımozide produced significantly more 
improvement of symptoms and less 
akinesic adverse effects than haloperidol. 
... Improvement of 70% or more was 
reported by 74% of patients on pimozide 
compared with 45% on haloperidol 
(0<.02), and 84% rated pimozide better 
overall than haloperidol! 


Significantly Less 
sedation than 
Haloperidol 


In a double-blind, placebo-controlled 
study, ‘‘Pimozide was associated with 
lethargy or tiredness on significantly fewer 
days than haloperidol (p.<.01), and this 
was reflected in greater immediate ana 
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Documented 
Clinical Experience 


Pimozide has been used in the treatment 
of Tourette Syndrome for over 10 years: 


Now Available from 
LEMMON 


For more information on ORAP call 
1-800-523-6542, extension 246; in 
Pennsylvania call collect, (215) 723-5544. 
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AS rare as a seizure on Dilantin’ 
phenytoin 


For as many as 86% of patients, sei- 
zures occur only once in a blue moon— 
if at all—once Dilantin monotherapy 
is under way.? 


That fact holds true for partial, 
complex partial, generalized tonic- 
clonic seizures, and status epilepticus. 


And it’s achieved without significant 
cognitive impairment at therapeutic 
drug levels (10 to 20 .g/mL),? often with 
once-daily therapy (Dilantin Kapseals*), 
which enhances compliance. 


What you demand, Dilantin does— 
for millions of patients every day. 


That’s why Dilantin remains a drug 
of choice. 


And that’s why most patients on 
Dilantin will wait a long, long time to 
see another seizure. 


Dilantin 
(phenytoin) 
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DILANTIN® (Extended Phenytoin Sodium Capsules, USP) KAPSEALS® 
DILANTIN® (Phenytoin Sodium Injection, USP) PARENTERAL 


Before prescribing, please see full prescribing information. A Brief Summary follows. 











IMPORTANT NOTE 
This drug must be administered slowly. In adults do not exceed 50 mg per minute intravenously. 
in neonates, the drug should be administered at a rate not exceeding 1-3 mg/kg/min. 


INDICATIONS AND USAGE: Parenteral: Parenteral Dilantin is indicated for the control of status epilepticus of the 
grand mal type, and prevention and treatment of seizures occurring during neurosurgery. 

Oral: Dilantin is indicated for the contro! of generalized tonic-clonic (grand mal) and complex partial 
(psychomotor, temporal lobe) seizures and prevention and treatment of seizures occurring during or following 
neurosurgery. 

Phenytoin serum level determinations may be necessary for optimal dosage adjustments (see Dosage and 
Administration and Clinica! Pharmacology). 

CONTRAINDICATIONS: Parenteral and Oral: Phenytoin is contraindicated in those patients who are hypersensitive 
to phenytoin or other hydantoins. 

Parenteral: Because of its effect on ventricular automaticity, phenytoin is contraindicated in sinus bradycardia, 
sino-atrial block, second and third degree A-V block, and patients with Adams-Stokes syndrome. 
WARNINGS: Parenteral: Intravenous administration should not exceed 50 mg per minute in adults. 
in neonates, the drug should be administered at a rate not exceeding 1-3 mg/kg/min. 

Severe cardiotoxic reactions and fatalities have been reported with atrial and ventricular conduction depression 
and ventricular fibrillation. Severe complications are most commonly encountered in elderly or gravely ill patients. 
Phenytoin should be used with caution in patients with hypotension and severe myocardial insufficiency. 

Hypotension usually occurs when the drug is administered rapidly by the intravenous route. 

The intramuscular route is not recommended for the treatment of status epilepticus since blood levels of 
phenytoin in the therapeutic range cannot be readily achieved with doses and methods of administration ordinarily 
employed. 

Oral: Abrupt withdrawal of phenytoin in epileptic patients may precipitate status epilepticus. When, in the 
judgment of the clinician, the need for dosage reduction, discontinuation, or substitution of alternative antiepileptic 
medication arises, this should be done gradually, However, in the event of an allergic or hypersensitivity reaction, 
rapid substitution of alternative therapy may be necessary. In this case, alternative therapy should be an 
antiepileptic drug not belonging to the hydantoin chemical class. 

Parenteral and Oral: There have been a number of reports suggesting a relationship between phenytoin and 
the development of lymphadenopathy (local or generalized) including benign lymph node hyperplasia, 
pseudolymphoma, lymphoma, and Hodgkin's Disease. Although 
a cause and effect relationship has not been established, the 
occurrence of lymphadenopathy indicates the need to 
differentiate such a condition from other types of lymph node 
pathology. Lymph node involvement may occur with or without 
symptoms and signs resembling serum sickness eg, fever, rash 
and liver involvement. 

in all cases of lymphadenopathy, follow-up observation for an 
extended period is indicated and every effort should be made to 
achieve seizure control using alternative antiepileptic drugs. 

Acute alcoholic intake may increase phenytoin serum 
levels while chronic alcoholic use may decrease serum levels. 
Usage in Pregnancy: Parenteral and Oral: A number of reports 
suggests an association between the use of antiepileptic drugs by women with epilepsy and a higher incidence 
of birth defects in children born to these women. Data are more extensive with respect to phenytoin and 
phenobarbital, but these are also the most commonly prescribed antiepileptic drugs; less systematic or anecdotal 
reports suggest a possible similar association with the use of all known antiepileptic drugs. 

The reports suggesting a higher incidence of birth defects in children of drug-treated epileptic women cannot be 
regarded as adequate to prove a definite cause and effect relationship. There are intrinsic methodologic problems 
in obtaining adequate data on drug teratogenicity in humans; genetic factors or the epileptic condition itself may be 
more important than drug therapy in leading to birth defects. The great majority of mothers on antiepileptic medication 
deliver normal infants. It is important to note that antiepileptic drugs should not be discontinued in patients in whom 
the drug is administered to prevent major seizures, because of the strong possibility of precipitating status epilepticus 
with attendant hypoxia and threat to life. In individual cases where the severity and frequency of the seizure disorder 
are such that the removal of medication does not pose a serious threat to the patient, discontinuation of the drug may 
be considered prior to and during pregnancy, although it cannot be said with any confidence that even minor seizures 
do not pose some hazard to the developing embryo or fetus. The prescribing physician will wish to weigh these 
considerations in treating or counseling epileptic women of childbearing potential. 

In addition to the reports of increased incidence of congenital malformation, such as cleft lip/palate and heart mal- 
formations in children of women receiving phenytoin and other antiepileptic drugs, there have more recently been 
reports of a fetal hydantoin syndrome. This consists of prenatal growth deficiency, microcephaly and mental deficiency 
in children born to mothers who have received phenytoin, barbiturates, alcohol, or trimethadione. However, these 
features are all interrelated and are frequently associated with intrauterine growth retardation from other causes. 

There have been isolated reports of malignancies, including neuroblastoma, in children whose mothers received 
phenytoin during pregnancy. 

An increase in seizure frequency during pregnancy occurs in a high proportion of patients, because of altered 
phenytoin absorption or metabolism. Periodic measurement of serum phenytoin levels is particularly valuable 
in the management of a pregnant epileptic patient as a guide to an appropriate adjustment of dosage. However, 
postpartum restoration of the original dosage will probably be indicated. 

Neonatal coagulation defects have been reported within the first 24 hours in babies born to epileptic mothers 
receiving phenobarbital and/or phenytoin, Vitamin K has been shown to prevent or correct this defect and has 
been recommended to be given to the mother before delivery and to the neonate after birth. 

PRECAUTIONS: General: Parenteral: The addition of Dilantin solution to intravenous infusion is not recommended 
due to lack of solubility and resultant precipitation. 

Parenteral Dilantin should be injected slowly (not exceeding 50 mg per minute in adults), directly into a large 
vein through a large-gauge needle or intravenous catheter. Each injection of intravenous Dilantin should be followed 
by an injection of sterile saline through the same needle or intravenous catheter to avoid local venous irritation 
due to the alkalinity of the solution. Continuous infusion should be avoided. 

Soft tissue irritation and inflammation has occurred at the site of injection with and without extravasation of 
intravenous phenytoin. Soft tissue irritation may vary from slight tenderness to extensive necrosis, sloughing, 
and in rare instances has led to amputation. Improper administration including subcutaneous or perivascular 
injection should be avoided to help prevent possibility of the above. 

Oral: Osteomalacia has been associated with phenytoin therapy and is considered to be due to phenytoin's 
interference with Vitamin D metabolism. 

Parenteral and Oral: The liver is the chief site of biotransformation of phenytoin; patients with impaired liver 
function, elderly patients, or those who are gravely ill may show early signs of toxicity. 

A small percentage of individuals who have been treated with phenytoin have been shown to metabolize the 
drug slowly. Slow metabolism may be due to limited enzyme availability and lack of induction; it appears to be 
genetically determined. 

Phenytoin should be discontinued if a skin rash appears (see “Warnings” section regarding drug 
discontinuation). If the rash is exfoliative, purpuric, or bullous or if lupus erythematosus, Stevens-Johnson 
syndrome, or toxic epidermal necrolysis is suspected, use of this drug should not be resumed and alternative 
therapy should be considered. (See Adverse Reactions.) If the rash is of a milder type (measles-like or 
scarlatiniform), therapy may be resumed after the rash has completely disappeared. If the rash recurs upon 
reinstitution of therapy, further phenytoin medication is contraindicated. 

Hyperglycemia, resulting from the drug's inhibitory effects on insulin release, has been reported. Phenytoin 
may also raise the serum glucose level in diabetic patients. 
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phenytoin 


Phenytoin is not indicated for seizures due to hypoglycemic or other metabolic causes. Appropriate diagnostic 
procedures should be performed as indicated. 

Phenytoin is not effective for absence (petit mal) seizures. If tonic-clonic (grand mal) and absence (petit mal) 
seizures are present, combined drug therapy is needed. 

Serum levels of phenytoin sustained above the optimal range may produce confusional states referred to as 
“delirium” “psychosis” or "encephalopathy." or rarely irreversible cerebellar dysfunction. Accordingly, at the first 
sign of acute toxicity, plasma levels are recommended. Dose reduction of phenytoin therapy is indicated if plasma 
levels are excessive; if symptoms persist, termination is recommended. (See Warnings) 

Information for Patients: Ora/: Patients taking phenytoin should be advised of the importance of adhering strictly 
to the prescribed dosage regimen, and of informing the physician of any clinical condition in which itis not possible 
to take the drug orally as prescribed, eg, surgery, etc. 

Patients should also be cautioned on the use of other drugs or alcoholic beverages without first seeking the 
physician's advice, 

Patients should be instructed to call their physician if skin rash develops. 

The importance of good dental hygiene should be stressed in order to minimize the development of gingival 
hyperplasia and its complications. 

Do not use capsules which are discolored. 

Laboratory Tests: Parenteral and Oral: Phenytoin serum level determinations may be necessary to achieve optimal 
dosage adjustments. 

Drug Interactions: Parenteral and Oral: There are many drugs which may increase or decrease phenytoin levels 
or which phenytoin may affect. The most commonly occurring drug interactions are listed below: 1. Drugs which 
may increase phenytoin serum levels include: chloramphenicol, dicumarol, disulfiram, tolbutamide, isoniazid, 
phenylbutazone, acute alcohol intake, salicylates, chlordiazepoxide, phenothiazines, diazepam, estrogens, 
ethosuximide, halothane, methylphenidate, sulfonamides, cimetidine, trazodone. 

2. Drugs which may decrease phenytoin levels include: carbamazepine, chronic alcohol abuse, reserpine. 
Moban® brand of Molindone Hydrochloride contains calcium ions which interfere with the absorption of phenytoin. 
ingestion times of phenytoin and antacid preparations containing calcium should be staggered in patients with 
low serum phenytoin levels to prevent absorption problems. 

3. Drugs which may either increase or decrease phenytoin serum levels include: phenobarbital, valproic acid, 
and sodium valproate. Similarly, the effect of phenytoin on phenobarbital, valproic acid and sodium valproate 
serum levels is unpredictable. 

4. Although not a true drug interaction, tricyclic antidepressants may precipitate seizures in susceptible patients 
and phenytoin dosage may need to be adjusted. 

5. Drugs whose efficacy is impaired by phenytoin include: corticosteroids, coumarin anticoagulants, oral 
contraceptives, quinidine, vitamin D, digitoxin, rifampin, doxycycline, estrogens, furosemide. 

Serum level determinations are especially helpful when possible drug interactions are suspected. 
Drug/Laboratory Test Interactions: Parenteral and Oral: 
Phenytoin may cause decreased serum levels of protein-bound 
iodine (PBI). It may also produce lower than normal values for 
dexamethasone or metyrapone tests. Phenytoin may cause 
increased serum levels of glucose, alkaline phosphatase, and 
gamma glutamyl transpeptidase (GGT). 

Carcinogenesis: Parenteral and Oral: See ‘Warnings’ section for 
information on carcinogenesis. 

Pregnancy: Parenteral and Oral: See Warnings 

Nursing Mothers: Parenteral and Oral: Intant breast-feeding is 
not recommended for women taking this drug because phenyt- 
oin appears to be secreted in low concentrations in human milk. 
ADVERSE REACTIONS: Parenteral: The most notable signs of 
toxicity associated with the intravenous use of this drug are cardiovascular collapse and/or central nervous system 
depression. Hypotension does occur when the drug is administered rapidly by the intravenous route. The rate 
of administration is very important; it should not exceed 50 mg per minute in adults, and 1-3 mg/kg/min in 
neonates. At this rate, toxicity should be minimized. 

Cardiovascular: Parenteral: Severe cardiotoxic reactions and fatalities have been reported with atrial and 
ventricular conduction depression and ventricular fibrillation. Severe complications are most commonly 
encountered in elderly or gravely ill patients. 

Injection Site: Parenteral: Local irritation, inflammation, tenderness, necrosis, and sloughing have been reported 
with or without extravasation of intravenous phenytoin. 

Central Nervous System: Parenteral and Oral: The most common manifestations encountered with phenytoin 
therapy are referable to this system and are usually dose-related. These include nystagmus, ataxia, slurred speech, 
decreased coordination and mental confusion. Dizziness, insomnia, transient nervousness, motor twitchings, 
and headaches have also been observed. There have also been rare reports of phenytoin induced dyskinesias, 
including chorea, dystonia, tremor and asterixis, similar to those induced by phenothiazine and other neuroleptic 
drugs. 

A predominantly sensory peripheral polyneuropathy has been observed in patients receiving long-term 
phenytoin therapy. 

Gastrointestinal System: Parenteral and Oral: Nausea, vomiting, and constipation. 

Integumentary System: Parenteral and Oral: Dermatological manifestations sometimes accompanied by fever 
have included scarlatiniform or morbilliform rashes. A morbilliform rash (measies-like) is the most common, other 
types of dermatitis are seen more rarely. Other more serious forms which may be fatal have included bullous, 
exfoliative or purpuric dermatitis, lupus erythematosus, Stevens-Johnson syndrome, and toxic epidermal 
necrolysis (see Precautions). 

Hemopoletic System: Parenteral and Oral: Hemopoietic complications, some fatal, have occasionally been 
reported in association with administration of phenytoin. These have included thrombocytopenia, leukopenia, 
granulocytopenia, agranulocytosis, and pancytopenia with or without bone marrow suppression. While 
macrocytosis and megaloblastic anemia have occurred, these conditions usually respond to folic acid therapy. 
Lymphadenopathy including benign lymph node hyperplasia, pseudolymphoma, lymphoma, and Hodgkin's 
Disease have been reported (see Warnings). 

Connective Tissue System: Parenteral and Oral: Coarsening of the facial features, enlargement of the lips, gingival 
hyperplasia, hypertrichosis, and Peyronie's Disease. 

Other: Parenteral and Oral: Systemic lupus erythematosus, periarteritis nodosa, toxic hepatitis, liver damage, 
and immunoglobulin abnormalities may occur. 

OVERDOSAGE: Parenteral and Oral’ The lethal dose in children is not known. The lethal dose in adults is estimated 
to be 2 to 5 grams. The initial symptoms are nystagmus, ataxia and dysarthria. Other signs are tremor, hyper- 
reflexia, lethargy, slurred speech, nausea, vomiting. The patient may become comatose and hypertensive. Death 
is due to respiratory and circulatory depression. 

There are marked variations among individuals with respect to phenytoin plasma levels where toxicity may 
occur, Nystagmus, on lateral gaze, usually appears at 20 mcg/mL, ataxia at 30 mg/mL, dysarthria and lethargy 
appear when the plasma concentration is over 40 mcg/mL, but as high a concentration as 50 mcg/mL has been 
reported without evidence of toxicity, As much as 25 times the therapeutic dose has been taken to result inaserum 
concentration over 100 mcg/mL with complete recovery. 

Treatment: Treatment is nonspecific since there is no known antidote. 

The adequacy of the respiratory and circulatory systems should be carefully observed and appropriate 
supportive measures employed. Hemodialysis can be considered since phenytoin is not completely bound to 
plasma proteins. Total exchange transfusion has been used in the treatment of severe intoxication in children, 

in acute overdosage the possibility of other CNS depressants, including alcohol, should be borne in mind. 
Caution —Federal law prohibits dispensing without prescription. 
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CALENDAR OF MEETINGS 


12th Annual Contemporary Clinical Neurology Meeting, The Conference Center at Palmetto Dunes 
Resort, Hilton Head Island, SC. Contact Division of Continuing Medical Education, Vanderbilt 
University Medical Center, CCC-5326 Medical Center N, Nashville, TN 37232; (615) 322-4030. 
International Symposium on Developmental Neuroscience, Beijing, sponsored by the Chinese 
Academy of Medical Sciences and the International Society for Developmental Neuroscience. 
Contact Professor Dr Ramon Lim, Division of Neurochemistry and Neurobiology, Department of 
Neurology, University of lowa, lowa City, IA 52242. 

Interventional Symposium on Developmental Neuroscience, Xian, China. Contact Professor Ramon 
Lim, Division of Neurochemistry and Neurobiology, University of lowa, lowa City, IA 52242. 

The Seventh Annual Symposium of Medical Problems of Musicians and Dancers, Hotel Wildwood, 
Snowmass, Colo. Contact The Cleveland Clinic Educational Foundation, Department of Continuing 
Education, 9500 Euclid Ave, Room TT31, Cleveland, OH 44195-5241; (800) 762-8172 (Ohio); 
(800) 762-8173 (outside Ohio). 

“Epilepsy Advances,” Towsley Center, Ann Arbor, Mich. Contact Gayle Fox, Program Assistant, 
Office of Continuing Medical Education, G- 1100 Towsley Center-Box 0201, University of Michigan 
Medical School, Ann Arbor, MI 48109-0201; (313) 763-1400. 

“Interventional Neuroradiology,” The Johns Hopkins Medical Institutions. Thomas B Turner Build- 
ing, Baltimore, Md. Contact Program Coordinator, The Johns Hopkins Medical Institutions, Office 
of Continuing Education, Turner Building, 720 Rutland Ave, Baltimore, MD 21205; (301) 955-2959. 
“Cerebral Circulation and Aging,” Toulouse, France. Contact Secretary of Professeur A.Bés and 
G. Géraud, Service de Neurologie, CHU Rangueil, 31054 Toulouse, France. 

“Recent Trends in Clinical Electrophysiology: Intraoperative Monitoring,” Towsley Center, Ann Ar- 
bor, Mich. Contact Gayle Fox, Program Assistant, Office of Continuing Medical Education, G- 1100 
Towsley Center-Box 0201, University of Michigan Medical School, Ann Arbor, MI 48109-0201; 
(313) 763-1400. 

Seventh European Meeting on Clinical Neuropharmacology, Belgrade, Yugoslavia. Contact Profes- 
sor Dr Ljubisav Rakić (for Seventh European Meeting on Clinical Neuropharmacology), University 
Clinical Center, Belgrade, Pasterova 2, Belgrade 11000, Yugoslavia. 

Third Annual Conference on the Foundations of Behavioral Neurology, Wenner Gren Center, 
Stockholm, Sweden. Contact Ann McCormick, Program Director, Southern California Neuropsychi- 
atric Institute, 6794 La Jolla Blvd, La Jolla, CA 92037; (619) 454-2102. 

“Symposia on Etiology, Pathogenesis, and Prevention of Parkinson's Disease and Hyperkinetic 
Movement Disorders,” New Orleans, La; platform presentations are being solicited. For Symposium 
on Etiology, Pathogenesis, and Prevention of Parkinson’s Disease, contact Dr J. William Langston, 
California Parkinson Institute, 2444 Moorpark, Suite 316, San Jose, CA 94128; for Symposium on 
Hyperkinetics Movement Disorders, contact Dr Anthony Lang, Division of Neurology, Toronto 
Western Hospital, 25 Leonard Ave, Suite 101, Toronto, Ontario, Canada M5T 2R2. 

114th Annual Meeting, American Neurological Association, New Orleans (La) Sheraton Hotel. Con- 
tact Executive Director, American Neurological Association, 2221 University Ave SE, Suite 350, 
Minneapolis, MN 55414; (612) 378-3290. 

Annual Meeting, American Academy of Neurological Surgery, Loew’s Ventana Canyon Resort, 
Tucson, Ariz. Contact Nicholas T. Zervas, MD, Secretary, Massachusetts General Hospital, Bos- 
ton, MA 02114. 

Second Annual International Course on Magnetic Resonance Imaging, Riyadh, Saudi Arabia. Con- 
tact Department of Medical Studies, Armed Forces Hospital, PO Box 7897, Riyadh 11159, Saudi 
Arabia. 

Braintree Hospital 10th Annual Traumatic Head Injury Conference, Sheraton Tara Hotel, Braintree, 
Mass. Contact Braintree Hospital, Public Relations Department, 250 Pond St, Braintree, MA 02184; 
(617) 848-5353, extension 2300. 

Ninth International Congress of Neurological Surgery, New Delhi, India; approved for Category 1 
credit by the American Academy of Neurological Sciences and the Congress of Neurological Sur- 
geons. Contact Dr A. K. Banerji, Organizing Secretary, PB No. 4543, New Delhi 110-016, India. 
“Vernon B. Mountcastle Symposium-Neuroscience: Integrative Functions,” The Johns Hopkins 
Medical Institutions, Baltimore, Md. Contact Office of Continuing Education, The Johns Hopkins 
Medical Institutions, Turner Building, 720 Rutland Ave, Baltimore, MD 21205-2195; (301) 
955-2959. 

Second Milan (Italy) International Symposium on Sleep. Contact Professor Salvatore Smirne, Cen- 
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Tampa, FL 33601; (813) 251-7778. 
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The Quantum 84° 

A complete EMG/EP 
lab that goes 
anywhere, anytime. 


Cadwell’s Quantum 84 gives you 
the only complete EMG/EP lab that 
qualifies as carry-on luggage. Without 
sacrificing any of the features you 
expect from a full-size system. 

Don’t kid yourself, there’s plenty 
of power in that small case. In fact, far 
more than you'll find in other systems 
three or four times its size and cost. 

Consider 2- and 4-channel 
electrodiagnostics with the entire 
universe of electrophysiology. Includ- 
ing every auditory, visual and somato- 
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sensory EP protocol. Plus real-time, 
digital, single fiber and quantitative 
EMG. Not to mention F waves, 
myasthenia and NCVs. 

And it’s as easy to use as it is to 
carry. The Quantum 84’s on-screen 
prompts never leave you hanging and 
one button automatically sets up and 
displays test protocols. A few buttons 
more and you can set 
up custom test 
protocols. 

The Quantum 
84 is not only 
lighter but brighter 
than the bulky sys- 
tems. Exclusive 
“smart” functions 
automatically calculate 
results. Plus identify 
















and measure waveform components. 
So you get more clinical productivity 
and accuracy in one package. 

It also works hand-in-hand with 
Cadwell’s new painless MES-10™ 
Magnetic Stimulator. 

The Quantum 84, with built-in 
printer and compact stimulators, 
comes complete and ready to go 
where you go. Office, clinic, operating 

sr room or ICU. Even the 
wild blue yonder. 
For more details, 
write us at 909 N. 
Kellogg Street, 
Kennewick, WA 
99336. Or call 
toll-free at 
1-800-678-6655? 


Your Clinical Link To Advanced Technology. 
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Safety of Intrathecal Steroids 
in Multiple Sclerosis 


To the Editor.—Nelson’s review’ 
leaves many aspects uncovered and 
omits pertinent data that have been 
helpful for advocates who believe that 
intrathecal methylprednisolone ace- 
tate (Depo-Medrol) does have a safe 
role in the symptomatic management 
of lower limb spasticity in multiple 
sclerosis. I shall not address claims of 
effective epidural therapy in patients 
with radiculopathy. 

The article fails to mention previ- 
ous discussions in similar forum?’ and 
data from our own studies* in which 
100 patients with multiple sclerosis, 
with severe spastic paraparesis not 
responsive to common pharmacologic 
agents, were given 285 intrathecal 
injections of 80 mg of methylpredniso- 
lone acetate given each at 3- to 6- 
month intervals, with an average of 
3.02 injections per patient per 24 
months. By adhering to simple crite- 
ria for indications (spasticity, inca- 
pacitating clonus, gait, and sphincter 
dysfunction), single intrathecal doses 
no greater than 80 mg of methylpred- 
nisolone acetate, given infrequently 
but not indefinitely, at intervals no 
shorter than 3 to 6 months, deficits 
consistently improved without devel- 
opment of cerebrospinal fluid abnor- 
malities or magnetic resonance imag- 
ing, myelographic or clinical evidence 
of arachnoiditis in any of the patients. 
A 4-year follow-up study involving 
111 patients produced similar results.° 
A further report involving more than 
120 cases and more than 270 injections 
without complications is currently 
being prepared. Some of these 
patients have been followed-up for 
almost 15 years. 
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From these observations, it is sug- 
gestive that the therapeutic purposes 
for intrathecal steroid injection, 
patient selection criteria, dose, skill, 
and administration technique, are 
important factors to provide a safe 
and effective result. This has already 
been mentioned specifically in the lit- 
erature by Ringer‘ and is an obvious 
deduction from the large series of 
patients injected by Sehgal and Gard- 
ner’ in their 1960 report. Six subjects 
in their series’ had autopsies that 
showed normal arachnoid and spinal 
cord. More modest experiences includ- 
ing Nelson and coworkers” own series 
of 23 patients and anecdotal isolated 
reports of serious complications may 
raise questions about techniques, 
although it should be clearly defined 
that these authors were using intra- 
thecal therapy in the decade of the 
1970s not as a symptomatic therapeu- 
tic tool for spasticity, but as an indis- 
criminate treatment of acute multiple 
sclerosis exacerbations. 

Some of the experimental neurotox- 
ic effects of polyethylene glycol are 
reviewed in Nelson’s! article and it 
should be agreed that methylpredni- 
solone acetate, as any other agent 
injected intrathecally, may potential- 
ly produce tissue injury, a known phe- 
nomenon for instance in the use of 
chemotherapeutic agents such as 
methotrexate for other purposes. The 
importance of indications criteria and 
administration technique is therefore 
emphasized. 

Intrathecal methylprednisolone ac- 
etate is not a substitute for systemic 
steroids and other programs being 
currently used in the management of 
multiple sclerosis exacerbations or 
progressive disease. This modality of 
treatment when properly used may, in 
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our experience, constitute a valuable 
tool in the management of intractable 
or incapacitating spasticity in the 
patient with multiple sclerosis and 
may avoid or delay the use of more 
aggressive and expensive procedures, 
such as implantation of epidural elec- 


trodes and rhyzotomy. 
Victor M. Rivera, MD 
Houston Neurological Center 
Total Health Care Center of the Methodist 
Hospital 
6560 Fannin, Suite 1224 
Houston, TX 77030 
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In Reply.—Between 1960 and 1962, six 
studies performed on more than 5000 
patients reported sanguine results 
from the intrathecal use of methyl- 
prednisolone acetate (Depo-Medrol).’ 
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Numerous regimens were tried. Seh- 
gal and Gardner? advocated it after 
treating 3000 patients for “failed disk 
syndrome,” arachnoiditis, cluster 
headache, pseudotumor cerebri, plexi- 
tis, Guillain-Barré syndrome, and 
multiple sclerosis. Only minor side 
effects were mentioned and the ste- 
roid was reported uniformly helpful. 
These authors mentioned six negative 
autopsy reports in a _ two-sentence 
description, and no details were given. 
Boines? simultaneously tested the 
compound on more than 2000 patients 
with multiple sclerosis and reported 
improvement from 75% to 90%, 
regardless of the stage of the disease; 
spasticity was stated to have been 
relieved, even in patients with chronic 
disease. 

Between 1964 and 1969, three 
authors** attempted to treat spastici- 
ty in multiple sclerosis and other dis- 
eases by a variety of regimens, and 
their results were poor. One author 
reported 65% improvement for 3 
weeks, but 11 exacerbations occurred; 
the other two authors found only 33% 
improvement. Van Buskirk et alt men- 
tioned that the relief of spasticity 
might be due to the alcohol contained 
in methylprednisolone acetate. In 
none of the clinical studies thus far 
reported, have the trials been double- 
blinded and all patients have received 
polytherapy. This is true of Rivera’s 
studies as shown by his references 
above. It can be seen that numerous 
regimens used by other researchers 
did not affect their results, contrary 
to Rivera’s conclusions. 

The occurrence of arachnoiditis and 
pachymeningitis in 11 patients has 
been reported,’ and its tendency to 
favor the lower thoracic region has 
been explained. I tried to get an 
impression concerning the extent of 
the methylprednisolone acetate prob- 
lem by obtaining Drug Experience 
Reports from the Food and Drug 
Administration concerning the intra- 
thecal use of this drug. I received 57 
reports spanning from 1965 to 1983. 
From sketchy data, I attempted to list 
diagnostic categories: sterile meningi- 
tis, 24; thoracic and lumbar arach- 
noiditis, 12; cauda equina syndromes, 
11; infections (including ventriculitis); 
as well as intractable headache and 
seizures. The steroid contains approx- 
imately 30 mg of polyethylene glycol 
per milliliter, which is an alcohol as 
well as a nonionic detergent. Its pro- 
pensity in dilute form to damage neu- 
rons and to dissolve myelin on contact 
is well known.' In addition, three 
radiographic studies involving 100 
patients have proven that almost 
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100% of patients will develop radio- 
graphically proven arachnoiditis from 
2 to 30 months after a single intrathe- 
cal injection, and that the scarring 
will occur whether or not contrast is 
used.’? One must conclude that most 
of the clinical data thus far published 
are under inquiry; but the above-men- 
tioned findings of neurochemists and 
neuroradiologists are clarion warn- 
ings. 

Dewey A. NELSON, MD 

48 Omega Dr 


Omega Professional Center 
Newark, DE 19713 
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Perceived Dangers From Intraspinal 
Steroid Injections 


To the Editor.—Nelson has recently 
reviewed the dangers of intraspi- 
nal injection of methylprednisolone 
acetate,' and has coneluded that meth- 
ylprednisolone acetate is contraindi- 
cated for intrathecal or epidural injec- 
tion. Nelson’s conclusion is based on 
two premises: (1) both intrathecal and 
epidural injection are likely to produce 
neurotoxic effects, and (2) intrathecal 
and epidural steroid injections are in- 
effective in the treatment of sciatica. 

I agree with the premise that in- 
trathecal injections of methylpred- 
nisolone acetate are potentially harm- 
ful. On the other hand, I am not 
convinced that epidural injection of 
long-acting corticosteroids are haz- 
ardous. We have performed approxi- 
mately 4000 epidural steroid injections 
at the Medical College of Wisconsin, 
Milwaukee, mainly with triamcinolone 
diacetate (which contains the same 
concentration of polyethylene glycol as 


methylprednisolone acetate), over a 
13-year period. There have been no se- 
rious reactions to the procedure during 
that time. Delaney et al’ cite experi- 
ence at the University of Virginia, 
Charlottesville, consisting of 6000 epi- 
dural steroid injections with triamci- 
nolone diacetate. There were two com- 
plications in that series, neither of 
which were related to neurotoxicity or 
meningeal reaction. One was a subcu- 
taneous abscess, and the other was a 
cerebrospinal fluid-cutaneous fistula. 
Indeed, Nelson was only able to docu- 
ment one possible complication from 
epidural steroid injections: a case of 
very localized pachymeningitis that 
was reported as a letter to the editor in 
the Australian literature.’ Delaney et 
al? provided further evidence for the 
safety of epidural steroid injections by 
demonstrating that animals treated 
with epidural triamcinolone diacetate 
had no more histopathologic changes 
of the spinal cord or meninges than did 
untreated animals or animals given 
epidural lidocaine. 

Nelson went on to suggest that in- 
trathecal injection of steroids may oc- 
cur accidentally because of inadvert- 
ent dural puncture. Subarachnoid 
placement of the needle is easily rec- 
ognized by the presence of spinal fluid. 
In those rare instances when cere- 
brospinal fluid return may not accom- 
pany dural puncture, a small test dose 
of lidocaine will promptly demon- 
strate subarachnoid placement. When 
puncture of the dura is encountered, 
the procedure can be abandoned or 
carried out at another spinal segment. 

Nelson stated that epidural place- 
ment is inaccurate in 42.5% of pa- 
tients, and that, in many cases, the 
drug is injected into the interspinous 
ligament. That figure is erroneous. The 
reference he cited‘ states that the inci- 
dence of improper placement is 25%, 
which represents the experience of a 
single anesthesiologist. Even then, the 
incidence is much higher than one 
should expect. The incidence of unsuc- 
cessful epidural anesthesia for surgery 
and obstetrics among trainees in our 
anesthesiology residency program is 
under 5%. It should be still lower 
among practicing anesthesiologists. 

The second premise made by Nelson 
is that epidural steroid injections are 
ineffective. He cites an article by Cuck- 
ler et al’ that concluded that the pro- 
cedure was of no benefit. That report 
was so poor scientifically that it 
prompted an avalanche of letters to 
the editor. The authors performed all 
of their injections at L3-4, well above 
the site of most disk lesions. They 
evaluated the efficacy of the injections 
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24 hours after injection, before pa- 
tients have any appreciable benefit 
from steroids. Nelson also quoted 
Kepes and Duncalf,‘ in their review of 
intraspinal steroid injections, as find- 
ing methylprednisolone therapy inef- 
fective. That was not their statement. 
They state that efficacy of the tech- 
nique has not been scientifically 
proven. As noted by Benzon in his re- 
view of the subject,’ there have been a 
few controlled studies that document 
efficacy of epidural steroids. 

In summary, Nelson presents a rea- 
sonable argument for abandoning the 
use of intrathecal steroids, but pro- 
vides little evidence for the lack of ef- 
ficacy of epidural steroid injections, 
and still less evidence that the tech- 
nique is potentially harmful. His ar- 
guments that epidural needle place- 
ment is often done improperly have 
little factual basis. 

STEPHEN E. ABRAM, MD 
Department of Anesthesiology 
Medical College of Wisconsin 


8700 W Wisconsin Ave 
Milwaukee, WI 53226 


The author has no commercial or proprietary 
interest in these products. 
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In Reply.—Dr Abram agreed that in- 
trathecal therapy with methylpred- 
nisolone acetate carries risks; how- 
ever, he believed that epidural injec- 
tions are safe and that inadvertent 
subarachnoid injections are rare. The 
posterior interspinous ligaments are 
entered by inadvertency in a variable 
number of procedures, but not the 
42.5% I quoted due to typographical 
error. The introducing of medications 
into ligaments is quoted by some au- 
thors at 25%,' which is obviously not 
as serious as accidental spinal taps, 
which occur from 0.5% to 2.5%.' These 
facts are more impressive when it is 
realized that methylprednisolone ace- 
tate administered by the intrathecal 
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Fig 1.—Coronal T1-weighted image showing 
the conus and cauda equina. The thickened 
nerve roots are packed together and retracted 
to the right, with adhesion to the meninges. 


route gives rise to (radiographically 
proven) arachnoiditis in virtually 
100% of patients.’ 

Winnie et al originally recom- 
mended the use of methylprednisolone 
acetate epidurally, followed in 1978 by 
a report of meningitis and severe neu- 
rologic damage.’ After Delaney et al? 
studied the use of a similar steroid 
compound in cats, methylprednisolone 
acetate began to be used extensively in 
patient care, as attested to by five ar- 
ticles. Conclusions were that it was 
safe and effective epidurally; however, 
most authors warned that it was un- 
safe when administered by the in- 
trathecal route.! During 1984, Roche‘ 
described a patient who received five 
epidural instillations of methylpred- 
nisolone acetate over a 10-year period, 
two of which were subarachnoid. My- 
elography revealed a resulting arach- 
noiditis. In that same year, Sekel’ 
described another case of pachy- 
meningitis produced by epidural 
methylprednisolone acetate. In their 
review article in 1985, Kepes and 
Duncalf*® listed numerous complica- 
tions from intraspinal steroid therapy, 
including epidural abscess and arach- 
noiditis. The authors stated: “Inad- 
vertent spinal tap occurred frequently 
with epidural needles.” Other reports 
of epidural complications from meth- 
ylprednisolone acetate are on file at the 
Food and Drug Administration, Wash- 
ington, DC. 

A patient whom I examined on Au- 
gust 29, 1988, demonstrated problems 





€ : 
Fig 2.—Axial T2-weighted image through L2 
vertebral body showing clumping of the nerve 


roots, with retraction to the right. Al indicates 
anterior; PS, posterior. 


associated with epidural injections of 
steroids. He is a 45-year-old physician 
who, in 1973, developed low-back pain 
from a degenerated disk at L5-S1, 
which, on computed tomography and 
magnetic imaging, showed no mass ef- 
fect. Because of back pain, in October 
1987 he received three epidural injec- 
tions of 160 mg of methylprednisolone 
acetate and lidocaine each, but two of 
the injections were inadvertently 
given intrathecally. Within 14 days, he 
developed increasingly severe radicu- 
lar leg pains, had urinary incontinence 
during muscular spasms, and com- 
plained of pain during erections. Neu- 
rologic examination revealed pain on 
straight leg raising, hyperreflexia of 
the lower extremities, reduced knee 
jerk on the left side, and partial saddle 
anesthesia. Magnetic resonance imag- 
ing was performed on August 29, 1988, 
and interpreted by Ka-Khy Tze, MD, a 
neuroradiologist. Cicatricial distor- 
tions of the conus medullaris and 
cauda equina are seen in Figs 1 and 2. 
These clear-cut manifestations of 
arachnoiditis were previously de- 
scribed by Ross et al.’ 

There was a 10-year delay between 
the first reports of many complications 
from the use of intrathecally adminis- 
tered methylprednisolone acetate, and 
the appearance of warnings published 
by its manufacturer. Cautions con- 
cerning its epidural use have not yet 
been issued. Time is passing, and seri- 
ous complications such as those sum- 
marized above are occurring. Should 


Letters to the Editor 


wees a ee og 
< A. 


not an adequate warning now be is- 
sued? 
DEWEY A. NELSON, MD 
Omega Professional Center 


48 Omega Dr 
Newark, DE 19713 


The Figures were provided by Ka-Khy Tze, MD. 
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Dangers From Methylprednisolone 
Acetate Therapy by Intraspinal 
Injection 


To the Editor.—I was disappointed to 
read Dr Dewey Nelson’s latest contri- 
bution, “Dangers From Methylpred- 
nisolone Acetate Therapy by Intraspi- 
nal Injection,” in the July 1988 issue of 
the ARCHIVES,’ to his long-standing 
crusade against intrathecal use of de- 
pository methylprednisolone acetate, 
not because he has correctly drawn at- 
tention to the potential risk of this 
therapy, but because his strong feel- 
ings on the subject have added immea- 
surably to the misery of those patients 
in whom the risk-benefit ratio of this 
therapy clearly justifies its use. In his 
zeal, Dr Nelson has ignored the con- 
siderable body of published literature 
and experience that attests to the ben- 
efit of intrathecal and epidural meth- 
ylprednisolone acetate injections in 
patients whose lives have been made 
miserable from adhesive arachnoidi- 
tis, or other painful spinal conditions. 
My own experience with intrathecally 
administered methylprednisolone ace- 
tate therapy, which has been pre- 
sented at several meetings and is being 
prepared for publication, has shown 
this to be a generally safe procedure 
that has been, at times, spectacularly 
helpful in complex patients who have 
failed to respond to all other treatment 
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modalities. For many, this treatment 
has freed them from narcotic depen- 
dency and total incapacity. 

I was also disappointed by Dr Nel- 
son’s imprecision of scholarship. For 
instance, in his initial publication on 
the subject in 1973, he refers to three 
patients who developed complications 
following a total of 35 intrathecal in- 
jections of methylprednisolone ace- 
tate. He assumed in that article, with- 
out disproving alternative possibili- 
ties, that the complications were 
caused exclusively by methylpred- 
nisolone acetate. The article mentions 
only in passing that at surgery one pa- 
tient was discovered to have an extra- 
dural fragment of disk and “postoper- 
atively, his gait was improved and his 
pain decreased.” Dr Nelson states, 
“Margolis et al and Hurst proved that 
propylene glycol results in necrosis of 
connective tissue, muscle, and neurons 
when diluted as much as 1:8. They also 
demonstrated that this alcohol com- 
pound produced arachnoiditis in 
monkeys.” In fact, Margolis et al? used 
diluted injections only intramuscu- 
larly; injections into peripheral nerves 
(none were given intrathecally) were 
made with full-strength 78% to 80% 
propylene glycol. These authors, in 
fact, conclude, “In view of the lack of 
systemic toxicity or propylene glycol, 
it is probable that the effect is entirely 
the result of the hygroscopic action of 
this substance.” Furthermore, Hurst‘ 
did not inject propylene glycol intra- 
thecally, but injected a series of deter- 
gents and phenol. Finally, Dr Nelson 
cites reports by Chino et al’ and Selby’ 
to confirm that, “other workers have 
observed the same type of demyelinat- 
ing lesions when methylprednisolone 
acetate was injected into retinal areas 
or layers of the cerebral cortex in ex- 
perimental animals.” In fact, in the 
article by Chino et al’ methylpred- 
nisolone acetate was administered by 
perineural and intramuscular injec- 
tion in rats, and the publication of Dr 
Selby® is simply a letter to the editor 
calling for neurosurgeons to report 
complications they might have ob- 
served from the use of methylpred- 
nisolone acetate following intrathecal, 
extradural, or perineural injections, 
and giving no experimental data. 

I applaud Dr Nelson’s persistence 
and agree that the medical community 
owes him a vote of thanks for calling 
attention to the potential dangers of 
intrathecally or epidurally adminis- 
tered methylprednisolone acetate. 
However, his myopic view of the po- 
tential risks of this therapy, while 
failing to recognize its potential ben- 
efit for certain patients, may have left 


the world with more patients unre- 
lieved of their suffering than he has 
prevented suffering by dissuading ill- 
advised injection therapy. This 
premise is even more poignant if de- 
priving patients with complex pain 
problems of potentially effective, al- 
beit risky, injection therapy has in- 
stead driven some to even more dan- 
gerous and often ineffective “salvage” 
surgery. 
HAROLD WILKINSON, MD, PHD 
Division of Neurosurgery 
Department of Surgery 
University of Massachusetts 
Medical Center 
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In Reply.—I wish to thank Dr Wilkin- 
son for his stated position vis-a-vis 
methylprednisolone acetate and its in- 
traspinal therapy. His points are 
these: (1) the risks of its use are minis- 
cule compared with clinical efficacy, (2) 
few patients have had complications 
following its intrathecal use, and (3) 
the neurochemistry of polyethylene 
glycol was inaccurately reported by 
myself! 

Goldstein et al? were the first to de- 
scribe adhesive arachnoiditis from 
methylprednisolone acetate followed 
by 10 case reports by Nelson et al and 
Nelson,' as well as Bernat et al and 
Bernat,’ who reported arachnoiditis 
and pachymeningitis. Two patients un- 
derwent an operation, and the patho- 
logic findings in the lumbar region of 
one revealed a thin gelatinous mate- 
rial that I did not believe was disk mate- 
rial, but was a component of methyl- 
prednisolone acetate.’ During this 
same time period, numerous complica- 
tions and infections were reported.*“ 

At first, the 20 case reports received 
little notice, but clinicians began to 
heed warnings in the radiological 
literature.“* Almost 100 patients were 
described who had myelograms per- 
formed 2 to 36 months following 40- to 
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80-mg doses of methylprednisolone ac- 
etate. Some patients had previous sur- 
gical procedures, some had previous 
myelography, and 13 patients had no 
previous therapy, except for the injec- 
tion of methylprednisolone acetate for 
back pain and sciatica, five of whom 
had only a single injection. Radio- 
graphically proven arachnoiditis was 
found in 90% to 100% of patients in the 
three studies.** There followed five ar- 
ticles that warned against any further 
use of the steroid intrathecally, but 
this led some researchers to investi- 
gate its epidural use.' During this time 
span, three articles warned that inad- 
vertent instillations into the sub- 
arachnoid space could occur in signif- 
icant numbers to increase the risks.**° 

Dr Wilkinson pointed out the inac- 
curately referenced chemistry of poly- 
ethylene glycol, whose toxicology will 
be summarized individually, because I 
lumped early works together.’ In 1953, 
Margolis et al studied a long-acting 
local anesthetic that contained propy- 
lene glycol and polyethylene glycol. In 
1955, Hurst!! produced arachnoiditis in 
monkeys by the use of phenolethylene 
oxide, which (like polyethylene glycol) 
is a nonionic detergent. In 1974, Chino 
et al’? described nerve damage in rats 
by perineural injections of 80% to 
100% propylene glycol. In 1982, 
Mackinnon et al’ produced intraneu- 
ral damage in rats by the use of meth- 
ylprednisolone acetate. In 1983, Selby"* 
used methylprednisolone acetate and 
observed the immediate demyelina- 
tion of rabbit nerve, as well as retina, 
optic nerve, central nervous system, 
and nerve roots in rats.'* There are 
only a few short-term studies on small 
animals injected with methylpred- 
nisolone acetate and similar steroid 
compounds.'*!** These studies have 
not answered important questions in- 
volving absorption, toxicology, and 
neuropathology over prolonged study 
periods. Badly needed are well- 
planned experimental protocols using 
large primates. Only after such results 
are in hand should one consider any 
further use of methylprednisolone ac- 
etate in the vicinity of human neural 


tissue. 
Dewey A. NELSON, MD 


Omega Professional Center 
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Treatable Causes of 
Meningomyeloradiculitis in 
Individuals Infected With Human 
immunodeficiency Virus 


To the Editor.—Woolsey and col- 
leagues! reported an interesting case 
of mycobacterial meningomyeloradi- 
culitis in a man infected with human 
immunodeficiency virus. Since submis- 
sion of their report, several other 
treatable causes of this syndrome in 
individuals infected with the human 
immunodeficiency virus have been re- 
ported, including syphilis** and lep- 
tomeningeal malignancy.’ Treatable 
causes of other myelopathic syn- 
dromes have also been reported.** 
Patients infected with human im- 
munodeficiency virus who develop 
meningomyeloradiculitis have pre- 
sented a remarkably uniform and dis- 
tinct clinical profile.'*’® Generally, 
asymmetric leg weakness develops 
over several weeks to months, often 
associated with burning or aching pain 
in the legs and buttocks. There is fre- 
quently early sphincter involvement. 
Examination reveals flaccid parapare- 
sis, areflexia in the affected extremi- 
ties, and diffuse or patchy hypesthe- 
sias in the legs and saddle area. Bab- 
inski’s sign is present in some cases. 
Involvement may progress through 


contiguous segments to thoracic or 
even cervical levels. Myelograms are 
usually normal, but may show thick- 
ened and adherent nerve roots at mul- 
tiple levels within the cauda equina. 
Electrophysiologic studies generally 
show normal or only slightly pro- 
longed motor nerve conduction veloci- 
ties, asymmetrically reduced motor 
conduction amplitudes, normal sen- 
sory studies, prolonged F-wave laten- 
cies, and diffuse denervation on nee- 
dle electromyography. Cerebrospinal 
fluid examination shows pleocytosis, 
elevated protein, and hypoglycorrha- 
chia. Pathologic examination, when 
available, shows variable degrees of 
inflammation, demyelination, and ne- 
crosis of the spinal cord, root entry 
zones, nerve roots, and dorsal root 
ganglia. 

Cytomegalovirus has been impli- 
cated in most of the reported cases””; 
these patients all had a rapidly pro- 
gressive, fatal course even when 
treated with newer antiviral agents 
such as ganciclovir.’ Therefore, as 
Woolsey and colleagues suggest,’ it is 
particularly important to identify 
those cases that are treatable.'* Mye- 
lography or magnetic resonance imag- 
ing is necessary to rule out structural 
abnormalities affecting the cauda 
equina (eg, tumor, disk herniation). In 
addition, the degree of hypoglycorrha- 
chia may have some differentiating 
value: in cases of cytomegalovirus 
meningomyeloradiculitis, hypoglycor- 
rhachia is usually mild (cerebrospinal 
fluid glucose level, >1.7 mmol/L), 
whereas the cerebrospinal fluid glu- 
cose level is frequently lower than 1.7 
mmol/L in meningomyeloradiculitis 
caused by Mycobacteria, syphilis, or 
leptomeningeal malignancy.'* Beyond 
this, one must rely on specific diagnos- 
tic tests such as cerebrospinal fluid 
VDRL, cerebrospinal fluid cytology 
and cell surface marker studies, stains 
and cultures for Mycobacteria and 
fungus, and potentially even 
meningeal or spinal cord biopsy,’ al- 
though the relative risks and benefits 
of the latter procedure have yet to be 


clarified. 
DOUGLAS J. LANSKA, MD 
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In Reply.—As the Doctors Lanska 
state, the clinical-spinal fluid features 
of human immunodeficiency virus- 
related meningomyeloradiculopathy 
are so characteristic that it is probably 
the most recognizable, though uncom- 
mon, neurological syndrome seen in 
these patients. According to Miller et 
al,’ “AIDS-related subacute radiculo- 
myelopathy is a unique syndrome.” 
However, some non-human immuno- 
deficiency virus-infected patients with 
leptomeningeal carcinomatosis have 
the syndrome. 

Early in my career, central nervous 
system tuberculosis and syphilis were 
fairly common diseases. I do not recall 
ever seeing a case of lumbosacral men- 
ingomyeloradiculopathy similar to 
those now being reported in individu- 
als infected with human immunodefi- 
ciency virus. The experience of col- 
leagues of my vintage is similar. Ad- 
ams and Merritt? reported only 15 
cases of syphilitic meningomyelitis 
among 2231 patients with syphilis seen 
at the Boston (Mass) City Hospital 
and, as nearly as I can ascertain, none 
of these resembled the case reported 
by Lanska et al 

It might be anticipated that central 
nervous system syphilis and tubercu- 
losis would be seen more frequently in 
patients with human immunodefi- 
ciency virus-induced immunodeficien- 
cy. Why entirely new syndromes 


should result is less apparent. 
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Commissural Connections and 
Symmetry of Degeneration in 
Alzheimer’s Disease 


To the Editor.—The observations of 
Moossy et al' in a recent issue of the 
ARCHIVES on the distribution of the 
neuropathologic lesions of Alz- 
heimer’s disease are of interest, since 
there appear to be parallels between 
the symmetry (or lack thereof) of neu- 
rofibrillary tangles and the presence 
(or absence) of interhemispheric neu- 
ronal connections. These investigators 
reported that neuritic plaques are dis- 
tributed symmetrically in the superior 
frontal and superior temporal gyri, 
prosubiculum, and entorhinal cortex, 
whereas neurofibrillary tangles are 
distributed symmetrically in neocorti- 
cal areas but asymmetrically in the 
prosubiculum and entorhinal cortex. 

To the extent that these observa- 
tions are accurate, it is noteworthy 
that macaques have prominent inter- 
hemispheric connections in neocorti- 
cal association areas’ (S.D., D.L.R., 
G.W., V.H., unpublished observations, 
1989), while such connections are lack- 
ing in all but the most rostral part of 
the hippocampal formation“ More- 
over, the entire extent of the prosubic- 
ulum lacks interhemispheric connec- 
tions. Whereas neocortical areas are 
connected through the corpus callo- 
sum and anterior commissure, those 
parts of the hippocampal region that 
do give rise to interhemispheric pro- 
jections are connected through the 
hippocampal commissure.** Although 
the medial entorhinal cortex gives rise 
to and receives interhemispheric 
projections,“ they are relatively 
sparse. Moreover, many of its inter- 
hemispheric afferents are from the 
presubiculum, an area often unaf- 
fected by Alzheimer’s disease.‘ By con- 
trast, it has an abundance of cortico- 
cortical connections ipsilaterally.’ In- 
terhemispheric connections in humans 
are similar to those in macaques in 
both neocortical areas,” as well as in 
the hippocampal region.” 

It thus appears that in the case of 
cortical neurofibrillary tangles, but 
not neuritic plaques, the presence of 
interhemispheric connections confers 
symmetry on the distribution of these 
lesions, whereas the lack of symmetry 
relieves this constraint. A relationship 
between interhemispheric connectivi- 
ty and the distribution of degenerative 


lesions can be expected for neurofibril- 
lary tangles, which are believed to 
arise in degenerating neuronal 
perikarya, since a relatively large pro- 
portion of cortical projection neurons 
give rise to interhemispheric fibers. By 
contrast, the distribution of cortical 
neuritic plaques, which are believed to 
arise in degenerating axon termina- 
tions, would not be expected to be 
related to the presence or absence of 
interhemispheric connections, since 
the abundance of terminal arbors of 
ipsilateral projections to the cortex, 
particularly those of subcortical ori- 
gin, render those of contralateral ori- 
gin relatively insignificant. The fact, 
that they are also symmetrically dis- 
tributed suggests that factors other 
than interhemispheric connectivity, 
possibly that of subcortical afferents, 
for example, play an overriding role in 
the symmetrical development of these 
changes. In this regard, it is interest- 
ing that Moossy et al' also noted sym- 
metry in the distribution of neu- 
rofibrillary tangles in the basal nu- 
cleus of Meynert, which is the major 
source of cholinergic projections to the 
cortex. 

These observations on neurofibril- 
lary tangles and interhemispheric con- 
nections are consistent with and rein- 
force previous observations on the as- 
sociation of neurofibrillary tangles 
and “long” ipsilateral corticocortical 
pathways. Such a relationship was 
first noted in the entorhinal cortex and 
hippocampal formation."! Similar re- 
lationships have been noted in neocor- 
tical-association areas, where tangles 
but not plaques are clustered in a 
manner reminiscent of cortical 
columns,” and their laminar distri- 
butions parallel those of “forward” 
and “backward” corticocortical pro- 
jections.” In contrast with the associ- 
ation cortices, the primary motor, so- 
matosensory, and visual areas are rel- 
atively unaffected by Alzheimer’s 
disease.'*3 In this respect, it is note- 
worthy that these areas have few, if 
any, interhemispheric or other long 
corticocortical connections.” 

The relationship of neurofibrillar 
tangles to interhemispheric projec- 
tions suggests that the structure and 
function of the interhemispheric com- 
missures should be grossly abnormal 
in patients with Alzheimer’s disease 
and raises the question whether those 
with clinically asymmetric cognitive 
symptoms have anomalous or unusual 
interhemispheric connection. 

The absence of symmetry in the dis- 
tribution of neurofibrillary tangles in 
areas that are not interconnected and 
the sparing of the primary sensorimo- 
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tor cortices suggests that interhemi- 
spheric fibers, and presumably long 
ipsilateral fibers as well, are particu- 
larly vulnerable to involvement in 
Alzheimer’s disease and might partic- 
ipate in its pathogenesis by the trans- 
port of a cytotoxic agent or by the fail- 
ure to transport a sustaining sub- 


stance. 
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Haloperidol and Lorazepam for the 
Treatment of Nausea and Vomiting 
Associated With the Treatment of 
Intractable Migraine Headaches 


To the Editor.—Intravenously admin- 
istered dihydroergotamine has been 
the preferred treatment for pro- 
tracted, severe migraine attacks (sta- 
tus migrainous) for a number of 
years.! The usual limiting factor in the 
use of dihydroergotamine is nausea 
and vomiting. Standard antiemetics, 
such as phomethazine hydrochloride 
(Phenergan), hydroxyzine and meto- 
clopramide are usually ineffective. 
Persistent vomiting adds to the dis- 
tress, may lead to dehydration, and 
patients usually decline repeated 
attempts at treatment with dihydro- 
ergotamine. 

A combination of haloperidol with 
lorazepam? is used routinely at the 
Wisconsin Clinical Cancer Center, 
Madison, for the management of nau- 
sea associated with various types of 
chemotherapy. 

We have found that the intravenous 
administration of 0.5 to 1.0 mg each of 
haloperidol and lorazepam 15 minutes 
prior to the intravenous administra- 
tion of dihydroergotamine prevents 
nausea and vomiting. 


Report of Cases.—A 37-year-old woman 
with a long history of classic migraine 
headaches and a 1-year history of severe 
depression was seen. She was treated 
unsuccessfully for a week on the psychia- 
try inpatient service with scheduled paren- 
teral narcotic analgesics for status 
migrainous. Her headaches were associ- 
ated with severe nausea and vomiting that 
was resistant to conventional antiemetics, 
and aggravated by the administration of 
narcotics. She was dehydrated and 
required the administration of intravenous 
fluids. Intravenous administration of 1 mg 
of dihydroergotamine increased her vomit- 
ing considerably even though she was pre- 


medicated with 60 mg of metoclopramide. 
Premedication with 1 mg each of haloperi- 
dol and lorazepam intravenously, on the 
other hand, resulted in complete resolution 
of the nausea and vomiting, and the intra- 
venous administration of 1 mg of dihydro- 
ergotamine was not accompanied by any 
side effects. The patient became sedated, 
slept well throughout the night, and, by the 
following morning, she had only a minimal 
headache. Similarly good results were 
achieved in an additional eight patients. 

One of the patients, a 47-year-old woman 
with 2 days of unremitting migraine head- 
ache, was given 0.25 mg of haloperidol and 
0.5 mg of lorazepam intravenously. Her 
vomiting ceased and her pain decreased sig- 
nificantly; therefore, dihydroergotamine 
was not given. She was discharged from the 
emergency room mildly sedated, slept well 
for the first time in many days, and the next 
morning, was headache free. 


Comment.—In our patients, pre- 
medication with intravenously ad- 
ministered haloperidol and lorazepam 
prior to the intravenous administra- 
tion of dihydroergotamine for the 
treatment of intractable migraine 
headache abolished the nausea and 
vomiting associated with migraine 
and prevented the side effects of dihy- 
droergotamine. 

One milligram each of haloperidol 
and lorazepam causes marked seda- 
tion, and we therefore recommend 
that 0.25 mg of each drug be given to 
start with. An additional 0.25 to 0.5 
mg should be given as needed. 

It is not clear whether the relief of 
headache was due to the abolition of 
nausea and vomiting followed by rest- 
ful sleep, or some other synergistic 
action on the headache by haloperidol 
and lorazepam. A trial of haloperidol/ 
lorazepam with and without dihydro- 
ergotamine is in progress. Optimal 
dosages of these medications remain 


to be determined. 
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A7 Resources at Your Fingertips 


Today, the challenge for physicians and health care institutions to maintain and 
improve the quality of care is greater than ever. The changing environment of 
medicine increasingly demands innovative responses from the profession. And, 
increasingly, physicians and institutions are responding. 











The Compendium of Patient Safety and Medical Risk M anagement Programs is 
a comprehensive listing of patient safety/risk management resources available 
from the AMA/Specialty Society Medical Liability Project, the American 
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MIDAS REX™ INSTITUTE 


PRE-SYMPOSIUM 
HANDS-ON WORKSHOP 
August 14-15-16, 1989 
7 AM to 1 PM each day. 
‘‘Modern Dissection Techniques of Bone, 
Biometals, Bioceramics, and Bioplastics’’ 

(NEURO 700) 





Midas Rex is honored to respond to the invitation to 
present a Hands-On Instruction Conference im- 
mediately preceding the Hilton Head Neurosurgical 
Symposium. 

(See opposite column) 


COURSE DIRECTORS 
Edward F. Downing, M.D. John M. Tew, Jr., M.D. 
Norman McDaniel, Ph.D. Susan Mitchell, Ed.D. 


GUEST LECTURERS 
Edward F. Downing, M.D. John M. Tew, Jr., M.D. 
Mary Helen Hughes, B.S., R.N. 
Their topics will include clinical considerations of the 
bone work of both the cranium and the spine, as well 
as operating room protocol and maintenance. 
CONFERENCE OBJECTIVES 
The hands-on conference is offered to familiarize 
surgeons with state of the art pneumatic instrumen- 
tation so that bone working problems will be refined, 
expedited and facilitated. When the neurosurgeons 
have completed the conference, they should be able 
to apply immediately their amplified skills in the 
operating room to do their bone work procedures. 
The conference will not only consider techniques of 
work in bone, but also discuss the handling of bio- 
metals, bioceramics, and bioplastics. 
FEE 
Surgeon—US$965.00; Resident—US$585.00 (with 
letter from department head); All Operating Room 
Personnel (RN/PA/CST/Other)—US$250.00. 
Enroll by check and letter. All enrollments and fee 
payments are made through the Midas Rex office in 
Fort Worth. 
The conference will be held at the Villa Conference 
Center. Continental breakfast each morning. Dinner 
discussion for faculty, enrollees and guests, August 


15, 1989. 
CREDITS 
CME credit; Category 1, 18 hours 


For additional information, call or write 
MIDAS REX INSTITUTE 
2929 Race Street 
Fort Worth, Texas 76111 
(800) 433-7639 
(817) 831-2604 


PALMETTO DUNES HYATT RESORT 


HILTON HEAD ISLAND WEEK 





HILTON HEAD ISLAND 
NEUROSURGICAL SYMPOSIUM 


AUGUST 17-18-19, 1989 

7 AM to 1 PM each day. 

NEUROSURGERY 1989 
Advanced Course on the Spine 


COURSE DIRECTORS 
Edward F. Downing, M.D. 
John M. Tew, Jr., M.D. 


FACULTY 


Stewart B. Dunsker, M.D. 
Robert Lukin, M.D. 

Joseph C. Maroon, M.D. 

J. Michael McWhorter, M.D. 
Arnold H. Menezes, M.D. 
Robert M. Quencer, M.D. 
James L. Routon, M.D. 
John M. Tew, Jr., M.D. 


Roy P. Baker, M.D. 
David S. Bradford, M.D. 
Martin B. Camins, M.D. 
Clifton L. Cannon, M.D. 
Wolfhard Caspar, M.D. 
Frances Conley, M.D. 
Kerry R. Crone, M.D. 
Edward F. Downing, M.D. 


Harry van Loveren, M.D. 


PURPOSE 

This course offers a state of the art discussion on the 
technical advances in neurosurgery and the newest 
advances in the treatment of disorders of the spine. It 
is directed primarily to the clinical neurosurgeon, and 
will be considered valuable to younger practitioners 
who are preparing for their Board Examinations. 
The presentations will stress practical information of 
value to the clinician. A distinguished roster of inter- 
national speakers join the course directors in presen- 
ting this course at Palmetto Dunes Hyatt Resort on 
Hilton Head Island, South Carolina. 


TUITION FEE 
$600.00 - payable with pre-registration. A $50.00 
cancellation fee will be charged for withdrawals after 
August 7, 1989. Registrants are urged to bring x-rays 
and problem cases to discuss with the faculty at 7 
a.m. each day. Full registration will be charged if 
cancellation is made after August 10, 1989. 


Cocktail reception on Thursday, August 17, 1989 
evening poolside, cocktails and a Low Country Din- 
ner on Friday, August 18, 1989. Continental 
Breakfast will be served at 7 a.m. daily in the exhibit 
area. 


CREDIT 
This course is approved for 17 hours credit in 
Category 1, toward the CME award in neurosurgery. 


Checks Payable: 


Hilton Head Island Neurosurgical Symposia 


Mail To: 
Hilton Head Island Neurosurgical Symposia 
4 Jackson Boulevard 
Savannah, Georgia 31499-3501 
PALMETTO DUNES HYATT RESORT 


HILTON HEAD ISLAND, SOUTH CAROLINA 
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Cardiogenic Brain Embolism 
The Second Report of the Cerebral Embolism Task Force 


Cerebral Embolism Task Force 


è Cardiogenic embolism has accounted 
for one in six ischemic strokes in recent 
clinical studies. We review the recent clin- 
ical literature about the natural history, di- 
agnosis, and management of cardioembo- 
lic stroke. Long-term anticoagulation may 
be indicated for primary stroke prevention 
in high-risk patient subgroups with non- 
rheumatic atrial fibrillation. The preva- 
lence of left ventricular thrombi, and prob- 
ably also emboli, following an acute ante- 
rior myocardial infarction has been 
reduced by heparin, but the value of sub- 
sequent oral anticoagulation for persis- 
tent left ventricular thrombi has been dis- 
puted. Two clinical subgroups of mitral 
valve prolapse have been emerging: one 
benign and the other prone to complica- 
tions, including embolism. Paradoxical 
embolism has increasingly been reported 
as contrast echocardiography has permit- 
ted a reliable diagnosis of patent foramen 
ovale. The embolic risk of infective en- 
docarditis is low (<5%) when infection is 
controlled; early embolism during uncon- 
trolled infection does not strongly predict 
later stroke. Low-intensity anticoagulation 
(international normalized ratio, 2.0 to 3.0) 
may be sufficient prophylaxis for many 
embolism-prone cardiac disorders. 

(Arch Neurol. 1989;46:727-743) 





Accepted for publication January 10, 1989. 

Cerebral Embolism Task Force members in- 
clude the following: Richard W. Asinger, MD, Di- 
vision of Cardiology, Hennepin County (Minne- 
sota) Medical Center, Minneapolis; Mark L. 
Dyken, MD, Indiana University Medical School, 
Indianapolis; Mare Fisher, MD, Department 
of Neurology, Middlesex Hospital, London, 
England; and Robert G. Hart, MD, and David G. 
Sherman, MD, Department of Medicine, Univer- 
sity of Texas Health Science Center, San 
Antonio. 

Reprint requests to Department of Medicine 
(Neurology), University of Texas Health Science 
Center, 7703 Floyd Curl Dr, San Antonio, TX 
78284 (Dr Hart). 
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[2 1984 and 1985, we prepared a com- 

prehensive clinical review of cardio- 
genic brain embolism, summarizing 
the then current concepts and 
controversies.' During the past 4 
years, several hundred studies con- 
cerning cardioembolic stroke have ap- 
peared in the English-language litera- 
ture. Major advances have occurred in 
the definition of natural histories and 
in the identification of high-risk sub- 
groups of embolism-prone cardiac dis- 
orders. Still lacking are safe, accurate 
diagnostic methods to establish a di- 
agnosis of cardioembolic stroke with 
certainty in individual patients. Pre- 
ventive and acute treatment strategies 
frequently are unsupported by ade- 
quate clinical studies and remain 
largely empiric. Depending on the spe- 
cific cardiac disorder, emboli can be 
composed predominantly of platelets 
(nonbacterial thrombotic endocarditis 
[NBTE], laminated fibrin-rich thrombi 
(ventricular aneurysms), calcific ma- 
terial (aortic stenosis), or even tumor 
(myxomas). Antithrombotic therapy 
that is effective for one type of cardio- 
embolic source cannot be assumed to 
be effective for another. As cardiac 
sources of emboli are usually identifi- 
able before stroke, many of these 
strokes are potentially preventable if 
high-risk subgroups and safe, effective 
prophylactic therapies can be discov- 
ered. 

While our knowledge of cardioem- 
bolic stroke is still rudimentary, evolv- 
ing concepts are the foundation of fu- 
ture clinical trials and better manage- 
ment. This review of the literature 
supplements our previous report and 
analyzes the recent clinical data and 
the changing ideas about cardioembo- 
lic stroke; the introductory material 
and literature summarized in our ini- 
tial report are not repeated. We hope 
to stimulate further the interest of cli- 
nicians and of clinical researchers in 
cardiogenic embolism. 


PREVALENCE AND DIAGNOSIS 


Clinical studies, reviewed previ- 
ously, suggested that about 15% 
(range, 6% to 23%) of all ischemic 
strokes were cardioembolic.' A large, 
multicenter stroke data bank project 
recently reported a 19% prevalence of 
cardioembolic stroke, based on care- 
fully defined clinical criteria.2 The 
prevalence of presumed cardioembolic 
stroke varied between 13% and 34% at 
the four centers that participated in 
this prospective study, suggesting ei- 
ther marked differences in patient 
population or intercenter variability 
in application of diagnostic criteria.” 
Other investigators have recently re- 
ported that 15% of carotid transient 
ischemic attacks (TIAs) and 16% to 
21% of consecutive strokes/TIAs are 
of cardioembolic origin. Among 
younger patients with ischemic 
stroke/TIAs, 23% to 36% are pre- 
sumed to be due to cardiogenic 
emboli.?*’ In aggregate, recent clinical 
studies continue to suggest that about 
one stroke in six is cardioembolic. 

A lack of validated, reliable clinical 
diagnostic criteria for cardioembolic 
stroke hampers individual patient 
treatment, and challenges the accu- 
racy of prevalence estimates.'*!! The 
likelihood of identifying a potential 
cardioembolic source for brain is- 
chemia clearly depends on how thor- 
oughly patients are evaluated and 
what lesions are accepted as poten- 
tially cardioembolic.'*"! In recent re- 
ports, about 30% (range, 22% to 39%) 
of all patients with ischemic stroke/ 
TIAs will have a potential cardiac 
source of embolism, but about one 
third (range, 13% to 48% ) of these pa- 
tients with a potential cardioembolic 
source will have concomitant cere- 
brovascular atherosclerosis that could 
also be responsible for brain 
ischemia.*”*!"* Bogousslavsky and 
colleagues performed cerebral arte- 
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Fig 1.—Embolic occlusion of cervical carotid artery. Left, Arteriogram shows complete occlusion of internal 
carotid artery just distal to its origin. Right, Pathologic specimen shows large embolus with minimal under- 
lying atheroma (hematoxylin-eosin, X3). 


riography in 50 consecutive patients 
with TIAs who had a potential cardio- 
embolic source, and they reported sig- 
nificant ipsilateral atherosclerosis in 
19 (38%), minimal atherosclerosis in 
19 (38%), and no atherosclerotic le- 
sions in 12 (24%). Olsen et alf studied 
21 patients with strokes who had ei- 
ther atrial fibrillation (AF) and/or an 
acute myocardial infarction (AMI), 
and they found 4 (19% ) with severe ip- 
silateral atherosclerosis, 3 (14% ) with 
minimal atherosclerosis, and 14 (67% ) 
with no atherosclerosis. Cervical ca- 
rotid artery occlusions are usually pre- 
sumed to be atherosclerotic but can be 
due to an occult cardiogenic embolism 
(Fig 1). Clearly, the presence of a 
potential cardioembolic source alone 
does not establish the stroke mecha- 
nism. 

Individual neurologic features of the 
stroke are neither sensitive or specific 
indicators of the stroke mechanism. 
Abrupt onset of the maximal neuro- 
logic deficit has been reported in 25% 
to 82% of patients with potential car- 
dioembolic sources but also in 14% to 
66% of patients with other causes for 
ischemic stroke.’'*"! Seizures and un- 
due headache do not distinguish car- 
dioembolic strokes from other 
causes.2”"°!! Transient ischemic at- 
tacks preceding stroke occur in 11% to 
30% of cardioembolic strokes, and only 
about 3% of patients with cardioem- 
bolic strokes have a previous or con- 
current systemic embolism.?”'*"' In 
short, recent studies seriously ques- 
tion whether specific neurologic fea- 
tures are usefully predictive of a car- 
dioembolic mechanism. 

The lack of specificity of neurologic 
features may largely be due to overlap 
between emboli from cardiac sources 
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and “local” artery-to-artery emboli 
from proximal arterial sources.” It 
is unclear and controversial how fre- 
quently a local arteriogenic embolism 
accounts for stroke in patients with 
proximal cerebrovascular atheroscle- 
rosis. It is likely that the size and com- 
position of arteriogenic emboli differ 
from cardiogenic emboli, although em- 
boli from the latter source are far from 
uniform. The average size of the em- 
bolic fragment varies with the cardio- 
embolic source. Small emboli syn- 
dromes appear to be particularly 
common with mitral valve prolapse 
(MVP), infective endocarditis,” cal- 
cific aortic stenosis,” and anticoagu- 
lated prosthetic cardiac valves (PCVs). 
Most cardioembolic strokes involve 
the cortex of the cerebral hemispheres 
and frequently cause isolated branch 
artery syndromes. Most patients with 
isolated Wernicke’s aphasia are found 
to have presumed cardioembolic 
stroke. Global aphasia without 
hemiparesis and isolated posterior ce- 
rebral artery syndromes are most of- 
ten cardioembolic.'*"** Subcortical in- 
farcts occur in 16% to 22% of pre- 
sumed cecardioembolic strokes.”'?**” 
While most subcortical infarcts asso- 
ciated with presumed cardioembolic 
strokes are large (>1.5 cm), suggesting 
obstruction of more than one adjacent 
penetrating artery (eg, “lagoonar” 
stroke), small subcortical infarcts in 
the distribution of a single penetrating 
artery (lacunar stroke) can be 
cardioembolic.'? Amaurosis fugax 
(transient monocular blindness) is 
common with heart diseases that 
cause small emboli.'*”°’* 
Hemorrhagic infarction at autopsy 
was once believed to be diagnostic of 
embolic stroke, as distal migration or 


spontaneous thrombolysis of the em- 
bolic fragment caused reperfusion and 
hemorrhagic transformation of the 
infarct.” Recent clinical studies of 
hemorrhagic transformation by com- 
puted tomography (CT) has challenged 
the specificity,"™?*” although large ar- 
eas of hemorrhagic transformation 
deep within the infarct are more com- 
mon with cardiogenic brain 
embolism.” Subcortical hemorrhagic 
infarcts are hypothesized to be partic- 
ularly indicative of cardiogenic 
embolism.” Overall, about 20% of car- 
dioembolic strokes will show second- 
ary hemorrhagic transformation if CT 
is repeated 2 to 4 days after a stroke, 
with larger infarcts having the highest 
prevalence.” Hemorrhagic transfor- 
mation of infarcts caused by other 
mechanisms occurs less frequently, is 
usually less dense, and is confined to 
the periphery of the infarct.” 

The presence of a potential cardio- 
embolic source in the absence of cere- 
brovascular disease in a patient with 
nonlacunar stroke remains the main- 
stay of clinical diagnosis.’ Frequently, 
however, some degree of cerebrovas- 
cular disease coexists with cardioem- 
bolic heart disease, and its role can 
seldom be completely discounted. Cer- 
tain cardiac lesions (eg, protruding left 
ventricular thrombi [LVT]) are more 
suggestive of a cause-effect relation- 
ship than others, which have a sub- 
stantial prevalence in patients without 
strokes (eg, MVP) and whose relation- 
ship to stroke could be coincidental or 
indirect.? A hemorrhagic infarction 
that occurs deep within the infarct and 
multiple cortical infarcts in the ab- 
sence of cerebrovascular atherosclero- 
sis further support a cardioembolic 
mechanism. The absence of sensitive 
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“TIA indicates transient ischemic attack; dz, disease; and Echo lab, echocardiography laboratory-derived patient. 


t(+) heart dz includes history, examination, and electrocardiogram, data, except in study by Bogousslavsky et al‘ in which classification is based only on history. 
+(+) embolic source differs between studies: the classification above includes intracardiac thrombus, mitral Stenosis, ventricular aneurysm, cardiac tumors, vegeta- 
tions, and moderate-severe global hypokinesia. It does not include mitral valve prolapse, atrial enlargement, or segmental ventricular dysfunction. 


and specific clinical diagnostic criteria 
for cardioembolic stroke remains a 
major problem.' More sensitive tech- 
niques of cardiac imaging, including 
ultrafast CT," magnetic resonance 
imaging,**’ transesophageal echo- 
cardiography,*” and isotope-labeled 
platelet scintigraphy,” may aid the di- 
agnosis in the future. At present, the 
diagnosis remains “an elusive butter- 
fiy” in many patients." 

The yield of echocardiography in 
identifying potential cardioembolic 
causes of ischemic stroke/TIAs varies 
widely in the recent literature, depend- 
ing on the patient population and the 
criteria for a cardioembolic source. For 
example, many authors include MVP 
as a cardioembolic source,*>!? while 
others do not.” By using restricted cri- 
teria, about 10% (range, 4% to 16%) of 
all patients with ischemic stroke will 
have a potential embolic source de- 
tected by echocardiography (Table 1). 
Most of these patients will have other 
clinical manifestations of heart dis- 
ease; the yield of echocardiography for 
potential embolic sources in patients 
with ischemic stroke/TIAs who do not 
have clinical heart disease is only 
about 1.5% (range, 0% to 6%) (Table 
1).*°*’ In younger patients with strokes 
who do not have cerebrovascular dis- 
ease, the yield is higher.®'*“ Prolonged 
electrocardiographic monitoring (via 
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telemetry or ambulatory Holter mon- 
itoring) in patients with acute is- 
chemic stroke/TIAs detected unsus- 
pected, potentially embologenic ar- 
rhythmias (AF and sick sinus 
syndrome) in about 2% (range, 0% to 
4% ) of patients in recent reports.***2“8 

Controversy continues to surround 
the issue of which patients with is- 
chemic stroke/TIAs should be exam- 
ined with echocardiography, as the 
yield for definite cardioembolic 
sources is low (1% to 2%) in patients 
without other clinical evidence of 
heart disease.'*?37 The management 
of cerebral ischemia cannot be under- 
taken in isolation, ignoring concomi- 
tant heart disease that often limits 
life.” Evaluation and optimal manage- 
ment of coexistent cardiac disease is 
important in all patients with brain 
ischemia, whether due to cardioembo- 
lism or to other mechanisms. Echocar- 
diographic abnormalities are common 
in patients with stroke and, while of- 
ten not establishing the cause of 
stroke/TIAs, may influence patient 
treatment (Table 1). It is our view that 
echocardiography should be per- 
formed liberally in patients with a 
threatened or completed stroke in 
whom cerebrovascular mechanisms 
are deemed to be unlikely.® Prolonged 
electrocardiographic monitoring 
should be reserved for high-risk pa- 


tients (eg, those with palpitations and 
suspicious electrocardiograms) and 
for those patients without a definition 
of the stroke mechanism after a thor- 
ough evaluation and who have clinical 
features compatible with cardioembo- 
lic stroke.' 


ATRIAL FIBRILLATION 


The clinical controversy of stroke 
prevention in patients with nonrheu- 
matic AF began two decades ago,” 
but debate has intensified in recent 
months.***’ From 6% to 24% of all is- 
chemic strokes have been associated 
with AF in recent studies.?6455841 Pop- 
ulation-based studies continue to show 
at least a fivefold increased stroke risk 
in patients with AF compared with 
age-matched controls.°* However, 
the absolute magnitude of risk (stroke 
incidence) varies widely, depending on 
the specific patient population (Table 
2).°4675 Population-based studies in- 
dicate a stroke risk of less than 3% per 
year for patients younger than 60 
years of age, but a rate exceeding 5% 
per year for patients older than 70 
years of age.****”! Inpatient-based, ret- 
rospective studies reported a 5% to 9% 
yearly stroke risk,” while outpa- 
tient-based studies reported a 1.7% to 
4.8% yearly stroke rate.” Patients 
with AF associated with sick sinus 
syndrome have a high risk of embolism 


Cardiogenic Brain Embolism—Cerebral Embolism Task Force 729 


that is not substantially lessened by 
ventricular pacing.” Substantial dif- 
ferences in the magnitude of stroke 
risk in subpopulations of patients with 
AF suggest that related cardiac, cere- 
brovascular, or coagulation factors 
have important influences on stroke 
incidence.” 

“Lone” AF is usually defined as AF 
unassociated with clinical, electrocar- 
diographic, or chest roentgenographic 
evidence of heart disease, occurring 
predominantly in younger patients, 
particularly men. Three studies have 
established that patients younger than 
60 years of age with lone AF, paroxys- 
mal or constant, have a stroke risk of 
less than 0.5% per year.™°’* The 
Framingham Heart Study reported a 
higher (2.6% per year) stroke rate in 
lone AF, but their population had a 
mean age of 70 years and 32% were 
hypertensive.” Echocardiographic 
data were not included in the criteria 
for lone AF in these studies; many 
young patients with AF and MVP were 
undoubtedly included as patients with 
lone AF.” 

The short-term risk of an embolism 
during thyrotoxic AF is difficult to es- 
timate from available studies, which 
usually provide prevalences of emboli, 
including those that occur long after 
control of thyrotoxicosis in patients 
with persistent AF. Only about half 
of thyrotoxic AFs spontaneously con- 
vert to a sinus rhythm with treatment 
of thyrotoxicosis, usually within 4 
months. The embolism rate before con- 
trol of thyrotoxicosis appears to range 
from 5% to 10% during 2 to 4 
months,***!* and may be higher in 
those patients with cardiomegaly and/ 
or congestive heart failure.***’ 

In addition to clinical strokes, 
“silent” or subclinical infarcts were 
detected on CT scans in about 15% 
(range, 13% to 35%) of patients with 
nonrheumatic AF who did not have a 
history of brain ischemia.**** As a sub- 
stantial fraction of brain emboli may 
thus go undiagnosed, perhaps the 
lower stroke incidence associated with 
AF in younger people may be due, in 
part, to differential underdetection of 
emboli due to better collateral circula- 
tion. Whether silent/subclinical in- 
farcts predict a subsequent clinical 
stroke is unknown.” Findings from a 
recent report confirmed that the risk of 
a subsequent stroke is high (>8% per 
year) in AF-associated stroke,” sup- 
porting results of previous studies that 
showed a 10% to 20% 1-year recur- 
rence risk.*® 

The mechanism(s) of AF-associated 
strokes continues to be uncertain, par- 
ticularly in individual patients. When 
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* AF indicates atrial fibrillation. Age refers to age at entry except for Framingham Heart Study,’’ which gave 


Table 2.— Stroke Incidence in Nonrheumatic AF * 


Mean 
Age, y Follow-up, y 


Stroke 
Incidence, % 


Patient-Years 
Observation 


218 2.8 


14 308 1.6 
10 673 1.8f 
+5 248 0.3 


14.8 1440 0.4 
10.9 327 2.6 
7.5 540 0.2 


the rate for patients in the specific interval. Duration of AF on entry is unknown for most studies; only Framing- 
ham studies””' included incident cases of AF. Stroke incidence estimated by linearization of event rate over 
observation period for most studies; rates for the first year of AF not available. 
tEighty percent of all strokes were fatal, suggesting incomplete detection of nonfatal strokes. 
+Nonconsecutive patients who were not anticoagulated (includes transient ischemic attacks; stroke alone, 


4%). 


§An uncertain minority had rheumatic heart disease. 


Thirty percent received anticoagulation for an uncertain interval. 
{Seventy-eight percent intermittent (some one episode) in study by Kopecky et al,® all constant in study by 
Close et al, and unknown intermittent vs constant in Framingham study. 


other coexistent stroke risk factors are 
considered, nonrheumatic AF has re- 
mained an independent stroke predic- 
tor in most studies.*”! Recent clinical 
studies have classified most AF- 
related strokes as cardioembolic,”® but 
the accuracy of clinical diagnostic cri- 
teria has been suspect. Autospy data 
support an embolic cause for the ma- 
jority of these infarcts.” Ipsilateral 
cervical carotid artery atherosclerotic 
stenosis has been found in fewer than 
10% of AF-related strokes.°?!” 

With the exception of younger pa- 
tients with lone and/or paroxysmal 
AF, cardiologic subgroups of patients 
with AF at a high or low risk of an 
embolism remain ill defined. Conges- 
tive heart failure appears to increase 
the embolism risk, but diagnostic cri- 
teria and degree of compensation are 
not clear in existing studies.‘ The 
embolic risk may be particularly high 
during the initial months following the 
onset of sustained AF.”°** Left ven- 
tricular dysfunction and segmental 
wall motion abnormalities detected 
with echocardiography have been pre- 
liminarily associated with embolic 
risk.” Studies that have related the 
left atrial size to an embolism have 


yielded conflicting results.”*’*”* 
Several large, ongoing clinical trials 
are evaluating the efficacy and safety 
of anticoagulation and aspirin for pri- 
mary and secondary stroke prevention 
in patients with nonrheumatic AF.” 
Pending these results, optimal an- 
tithrombotic prophylaxis is uncertain 
for the majority of patients with AF. 
Major hemorrhage occurs yearly in 2% 
to 4% of elderly patients who are 
treated with anticoagulation.®® The 
risk of intracerebral hemorrhage is 
increased eightfold in patients who are 
treated with anticoagulation and may 
approach 1% per year in elderly, hy- 
pertensive patients who are given con- 
ventional intensities of anticoag- 
ulation. The efficacy and safety of less 
intensive anticoagulation, ie, prolon- 
gation of the rabbit brain prothrombin 
time to 1.5 times the control, are un- 
certain in patients with AF. In 
younger patients (age, <60 years) with 
lone or paroxysmal AF, the risk of 
long-term anticoagulation appears to 
be unwarranted at present. Based on 
retrospective analyses of nonrandom- 
ized patients and one randomized trial, 
some investigators have claimed a net 
benefit of anticoagulation in patients 


Cardiogenic Brain Embolism—Cerebral Embolism Task Force 





Fig 2.—Two-chamber echocardiogram (left) shows protruding left ven- 
tricular thrombus (arrowheads). Four-chamber view (right) shows non- 


protruding, flat thrombus distinct from endocardium. Both thrombi are 
located in apical area. LA indicates left atrium; LV, left ventricle: RA, right 
atrium; and RV, right ventricle (from Visser et al'?’), 


with AF, while others disagree.* 
The value of aspirin for primary or 
secondary stroke prevention in pa- 
tients with AF is unestablished.” 


ACUTE MYOCARDIAL INFARCTION 


About 2.5% of consecutive patients 
with AMI experience a stroke with- 
in 2 to 4 weeks in recent series,!%!™ 
Stroke complicates about 6% (range, 
4% to 12%) of anterior AMIs during 
the acute course but only about 1% of 
inferior AMIs unless previous is- 
chemia contributes to ventricular dys- 
function.!%%9710 Most emboli occur 
within 1 to 2 weeks following an 
A MJ, 100107-104,106,108,111 Previously summa- 
rized randomized trials of large num- 
bers of unselected patients with AMIs 
demonstrated statistically significant 
(60%) reduction in early stroke risk 
from 2.9% in patients who were not 
treated with anticoagulation to 1.2% 
of the patients who were treated with 
anticoagulation.'!!? However, the 
small absolute magnitude of stroke 
reduction questions its clinical signif- 
icance in unselected patients with 
AMIs, especially when considering 
bleeding complications.! Recent em- 
phasis has focused on the identifica- 
tion of subgroups of patients with 
AMIs at high risk for an embolism, 
particularly those with ventricular 
thrombi detected echocardiographi- 
cally. However, the issue of antithrom- 
botic prophylaxis for embolism pre- 
vention in patients with AMIs is often 
complicated by the concurrent use of 
fibrinolytic agents, aspirin and/or he- 
parin, and surgical therapies for limi- 
tation of myocardial damage. 

The predictive value of LVT for an 
embolism has received considerable 
attention recently.'!'*"’" Two-dimen- 
sional echocardiography has been val- 
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idated by surgical and postmortem 
comparisons as relatively sensitive 
and specific for detection of 
LVT.'"18:19 However, the a¢curacy of 
echocardiography for detection of 
small apical thrombi (<5 mm), still 
sufficiently large to cause a devastat- 
ing stroke, is less clear, as pathologic 
validation has been confined necessar- 
ily to patients with severe ischemic 
cardiomyopathy. Left ventricular 
thrombi virtually always overlie ven- 
tricular wall motion abnormalities 
and are consequently much more fre- 
quently associated with anterior AMIs 
than with inferior AMIs.!%!12012 Of 
all patients with anterior AMIs, about 
40% will have associated LVT (al- 
though the timing and repetition of 
echocardiograms, antithrombotie and 
8-blocker therapy, and specific echo- 
cardiographic criteria all influence the 
incidence of LVT in individual studies) 
(Fig 2) ,100,105,107-110,120-129 

Left ventricular thrombi are usually 
absent if echocardiography is per- 
formed within the first 24 hours fol- 
lowing the onset of an AMI. The large 
majority of thrombi develop between 1 
and 7 days, and the bulk of the remain- 
der develops during the second week 
following an AMI in both pathologic 
and serial echocardiographic studies.* 
Left ventricular thrombi that develop 
in the first 2 weeks following an in- 
farction may persist for months; LVT 
occasionally develop months after an 
A MI.!%:!20126.127 Of LVT detected within 
weeks of an AMI, about one third pro- 
trude into the ventricular cavity, while 
the remainder are mural and nonpro- 
truding LVT (Fig 2).!°°7-10 While an- 
ticoagulation reduces the incidence of 


“References 100, 107, 110, 120, 122-124, 126, 127. 
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Fig 3.—Embolus trapped in patent foramen ovale, viewed from left 
atrium (from Rosier and Lefer??9). 


LVT in the weeks following an AMI 
(Table 3), LVT can persist despite an- 
ticoagulation in many patients.t The 
efficacy of anticoagulation may be re- 
lated to the time of its initiation and 
the intensity.107!20122131132 8. A drenergic 
blocking medications, sometimes 
given to limit myocardial injury, ap- 
pear to increase the incidence of LVT, 
presumably by promoting stasis of 
blood at the apex,'* and perhaps to in- 
crease slightly the risk of an 
embolism." When oral anticoagula- 
tion is initiated after detection of LVT, 
especially if remote from an AMI, LVT 
often persist, !!!:120,127,128 

Patients with an AMI who have LVT 
have a higher risk of an embolism 
compared with those without 
LV T. 100.105, 108,109,120,121 The temporal ap- 
pearance of LVT is often followed 
shortly by an embolism.’ The risk of 
an embolism is greatest during the 
initial weeks following an AMI and 
falls sharply in the subsequent 
months, despite persistence of most 
LVT. Protruding and/or mobile LVT 
have been particularly associated with 
an embolism,}!!%109.127.136 with emboli 
occurring in about two thirds of pa- 
tients with protruding and/or mobile 
LVT in one recent study.’ While ag- 
gregate data confirm that administra- 
tion of heparin in the hours following 
an AMI reduces the prevalence of LVT, 
existing data are inadequate to deter- 
mine if such therapy results in a clin- 
ically important reduction in emboli 
(Table 3). Whether anticoagulation al- 
ters the size of emboli and thus influ- 
ences stroke size and severity is un- 
known. Four recently reported ran- 
domized trials are small, risking type 


tReferences 100, 111, 120, 122, 128-133. 
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Emboli Bleeding Mortality 


Treatment 
Mean Dose 


No heparin 

Heparin 

No heparint 
Heparin, 23 800 U 
No heparint 

Heparin 

Heparin, 5000 bid 
Heparin, 125000 bid 
None / low-dose 
Heparin 


Interval, d 


Source, y 
Nordrehaug et al, 1985'°’ 


Gueret et al, 1986''° 

Arvan and Boscha, 1987'°°+ 
Turpie et al, 1989"°° 
Aggregate 


* AMI indicates anterior myocardial infarction; LVT, left ventricular thrombi; and bid, twice daily. Mean time to heparinization was 4.5 to 6.0 hours in all studies, except 
that by Turpie et al% in which it was about 18 hours; all echocardiograms interpreted blindedly except in study by Arvan and Boscha'® in which it was uncertain. Data 
of Davis and Ireland'*? were not included, as similar intensities of anticoagulation were compared. 

+Patients who developed thrombi were crossed over to anticoagulation. '°:''° 

Numbers based on intention-to-treat analysis; an additional patient died, but treatment group could not be determined from the report. 


Source 


No anticoagulation 
Domenicucci et al'® 


Nordrehaug et al'®’ 
Eigler et al'®’ 
Asinger et al'?? 
Weinreich et al'"' 
Keating et al'?’ 
Turpie et al'* 
Johannessen et al'°° 
Total 


Anticoagulation before detection of thrombus 


Arvan and Boscha'® 
Gueret et al''® 
Visser et al'?° 
Friedman et al’? 
Turpie et al" 
Davis and Ireland'*? 
Total 


Anticoagulation after detection of thrombus 
Eigler et al'®’ 


Asinger et al'** 
Gueret et al''® 

Arvan and Boscha'® 
Weinreich et al''' 
Keating et al'?' 
Turpie et al'®* 
Johannessen et al'®° 
Total 


Table 4.—Acute Myocardial Infarct, Ventricular Thrombi, and Early Embolism* 
N 


Echo Protocol/Interval 


Every 24-48 h; 93% in 1st wk 
Days 3, 6, and 10; 71% in 1st wk 
<36 h, 1-2 wk; 71% ist 36h 
Every 3-4 d; mean, 5d 

1 during hospitalization 

1 between 3-14 d 

Day 10 

Days 2, 6, and 10 


At 7 and 24 h; every 3d 

At 10 and 24 h; 4-7 d; 95% 1st wk 

At 24 hr; 2-3 d; 71% ist 3d 

1 between 7-10 d 

Day 10 

<A8hevery 2d X 2, every 3d until discharge 


<36 h, 1-2 wk; 71% 1st wk 

Every 3-4 d; mean, 5d 

At 10 and 24 h, 4-7 d; 95% 1st wk 
At 7 and 24 h, every 3 d 

1 during hospitalization 

1 between 3-14 d 

Day 10 

Days 2, 6, and 10§ 


*Emboli after detection of ventricular thrombosis occurring within 1 month of acute myocardial infarct. Studies with less frequent or later echocardiograms would be 


predicted to have a lower embolism risk, as early emboli may antedate detection of thrombus. 
+tMaximal rate as the timing of emboli can only be estimated. Domenicucci et al'®® data are presumed to include Spirito et al" data. 
Thirty patients with thrombi received anticoagulation; distribution between initiation before and after detection is estimated from the text. 


§ Anticoagulation initiated with warfarin; all others used heparin. Data in reference 10 


% Emboli 

















52 10t 
7 14 
3 0 
5 0 
18 17 
8 38 
8 O 
15 13 

116 12 
4 25 
8 12 
15 o) 
9 11 
10 o 
14 fe) 
60 5 
4 0) 
7 0 
13 8 
6 17 
25 o 
9 o 
20 O 
40 25§ 

124 10 (2)|| 








O are presumed to include previous data from the same authors. '°° 


Excluding the study that initiated anticoagulation with warfarin, the embolism risk was 2% (2/84) in studies that used heparin. 


II error, and potentially confounded by 
the use of low-intensity anticoagula- 
tion in the control group’? and by 
crossover to anticoagulation when 
LVT was detected.'*'° In aggregate, 
stroke was reduced by 60% (Table 3), a 
fractional reduction identical to that 
found in earlier randomized trials of 
unselected patients with AMIs.'"”? It is 
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clear, however, that anticoagulation 
does not completely protect against ei- 
ther LVT or an embolism, !0105.129.130,136 
Fibrinolytic therapy employed in the 
hours following the onset of an AMI to 
reperfuse an ischemic myocardium 
has not clearly influenced the inci- 
dence of LVT or emboli in recent clin- 
ical trials. The duration of fibrin- 


olytic therapy is brief in most 
protocols,'**'? antedating the usual in- 
terval of LVT formation and emboliza- 
tion. 

An alternative approach to early 
anticoagulation of unselected patients 
with anterior AMIs is to anticoagulate 
only those patients with LVT detected 
by echocardiography. As LVT and em- 
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boli tend to occur together in the initial 
days following an AMI, such an ap- 
proach would potentially require fre- 
quent, serial echocardiography to de- 
tect LVT as early as possible. Some 
emboli could occur before detection/ 
anticoagulation in some fraction of 
patients, although recent data suggest 
that this is unusual.'! Available 
studies have been small and nonran- 
domized and have reported widely con- 
flicting results about the efficacy of 
anticoagulation given after detection 
of LVT for prevention of early embo- 
lism (Table 4). In most of these studies, 
serial echocardiography resulted in 
early detection of LVT; the results may 
not be generalizable to LVT detected 
with less vigor in which the peak em- 
bolic potential may have passed by the 
time of their discovery. In a recent 
study by Johannessen et al, 55 (37% ) 
of 150 consecutive patients with ante- 
rior AMIs developed LVT by two- 
dimensional echocardiography a mean 
of 7 days following infarction. No an- 
ticoagulants were administered before 
LVT detection, but 40 were treated 
with anticoagulation after LVT were 
detected. These patients were followed 
up for 3 months, and 33% developed 
peripheral emboli, emphasizing that 
anticoagulation initiated after LVT 
detection does not eliminate systemic 
emboli. 

Most authors empirically recom- 
mend anticoagulation for several 
months when LVT are detected in the 
weeks following an AMI, particularly 
if protrusion or mobility is present. 
The timing of echocardiography leads 
to a paradox: early echocardiography 
(first 48 hours) may be too soon to de- 
tect many LVT, while later echocar- 
diography may postdate many emboli. 
Anticoagulation is usually recom- 
mended for 3 to 6 months, even if LVT 
persist. Eventual discontinuation of 
anticoagulation is based on the ten- 
dency for ventricular wall abnormali- 
ties to improve in many," but not 
all,“ patients and on the evolution/ 
organization of LVT to less embolic 
potential. Other authors have rec- 
ommended early heparin administra- 
tion for all patients with anterior 
AMIs if no contraindications exist, 
continuing oral anticoagulation for 
those patients later found to have 
LVT or marked wall motion 
abnormalities.'2!'5!28 These recom- 
mendations are logical empiric ap- 
proaches but have not been substanti- 
ated by clinical trials. The use of anti- 
coagulants is not mandated if relative 
contraindications exist or if other an- 
tithrombotic therapies for myocardial 
salvage are required. Few clinical data 
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are available about the efficacy of 
platelet antiaggregation agents for 
prevention or treatment of LVT fol- 
lowing an AMI.!* However, in a large 
recent trial, the stroke prevalence 
within 10 days of a suspected AMI was 
reduced by half in patients who were 
treated early (within 5 hours) with as- 
pirin (22 strokes per 4253 patients) 
compared with placebo (45 strokes per 
4238 patients).!” 


VENTRICULAR THROMBI AND 
ANEURYSM REMOTE FROM AMI 


Previous retrospective studies of pa- 
tients with left ventricular aneurysms 
with or without associated LVT de- 
tected by cardiac catheterization re- 
mote from an AMI reported low prev- 
alences of emboli." Recent studies of 
the late embolic risk of LVT detected 
echocardiographically have yielded 
apparently conflicting results (Table 
5). Left ventricular thrombi usually 
appear in the days after the occurrence 
of an AMI and can spontaneously re- 
solve, but often persist indefinitely; 
less frequently, LVT that overlie wall 
motion abnormalities initially appear 
months following an AMI.!!2 The 
time of detection of LVT may be im- 
portant in predicting embolic risk: the 
risk of a late embolism associated with 
LVT detected in the AMI period may 
(or may not) be the same as that asso- 
ciated with LVT discovered months 
following an AMI. 

Only one, small randomized trial 
compared anticoagulation with no an- 
ticoagulation in 38 patients with LVT 
detected a mean of 4 weeks after an 
AMI.'* No emboli occurred in either 
group during the subsequent 11 
months, although resolution of LVT 
occurred in 88% of patients who were 
treated with anticoagulation com- 
pared with 24% of patients who were 
not treated with anticoagulation. Late 
follow-up of 185 LVT, initially detected 
in the AMI period in seven studies, 
showed a diminishing late embolic risk 
(Table 5): most emboli occurred be- 
tween 1 and 4 months after an AMI, 
while only one occurred between 4 and 
12 months after an AMI. An overview 
analysis of these seven studies with 
mean follow-up periods of 3 to 15 
months showed late emboli in 3% of 
139 patients who were treated with 
anticoagulation compared with 13% of 
46 patients with LVT who were not 
treated with anticoagulation. 

The embolic risk of LVT detected 
temporally remote from AMI (in con- 
trast to those detected in the peri-A MI 
period) may be higher than previously 
appreciated, although data are 
limited. Stratton and Resnick! 
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reported emboli in 10% of 57 patients 
with LVT detected a mean of 32 
months following an AMI during 22 
months of follow-up. 

In short, the data are inconclusive 
about the late embolic risk associated 
with LVT, due to the availability of 
limited numbers of small studies with 
LVT detected at differing intervals and 
with nonrandom use of antithrombotic 
agents. Left ventricular thrombi de- 
tected in the peri-AMI period appear 
to havea diminishing embolic risk that 
may still be substantial (estimated be- 
tween 10% to 15%) between 1 and 6 
months after an AMI. Aggregate data 
from small, mostly nonrandomized 
trials suggest that anticoagulation 
may lower the rate of embolism (Table 
5). In contrast to earlier studies based 
on catheterization-detected ventricu- 
lar aneurysms, recent echocardio- 
graphic-based studies hint that LVT 
detected remote (>1 month) from an 
AMI may be associated with an in- 
creased risk of embolism, on the order 
of 5% per year. Morphologic fea- 
tures of LVT (protrusion, mobility, 
and texture) appear to have a predic- 
tive value for embolic risk.109.104.127,147 

When patients with stroke/TIAs are 
found to harbor LVT remote from 
AMI, a cause-effect relationship 
should not be assumed until coexistent 
cerebrovascular mechanisms have 
been carefully considered.’ There are 
no clinical data about the efficacy of 
platelet antiaggregation agents for 
primary or secondary prevention of 
embolism with LVT remote from 
AMI.'* If emboli are attributed to 
LVT, long-term anticoagulation is 
usually recommended for secondary 
prevention. 


NONISCHEMIC CARDIOMYOPATHY 


Nonischemic cardiomyopathies can 
be complicated by an embolism (Table 
6). In most patients, globally impaired 
ventricular contractility underlies 
LVT and an embolism; however, a 
stroke can be the presenting feature of 
a cardiomyopathy that antedates clin- 
ical ventricular dysfunction.'2""> Left 
ventricular thrombi with an embolism 
has complicated thrombocythemia 
and other myeloproliferative disor- 
ders, polycystic disease, and malig- 
nancy without apparent structural 
cardiomyopathy, suggesting that pro- 
thrombotic coagulopathies can di- 
rectly cause LVT.!5+157 

Clinical studies of nonischemic car- 
diomyopathies often combine. the 
many heterogeneous causes, variable 
durations, and variable severity; the 
embolic risk for individual patients is 
difficult to assess from the literature. 
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Table 5.—Myocardial Infarct, Ventricular Thrombi, and Late Embolism” 
N 


Source % Embolism 


Tramarin et al'®® 
No anticoagulation 


(+) anticoagulation 


Keating et al’?! 
No anticoagulation 


(+) anticoagulation 


Weinreich et al''' 
No anticoagulation 


(+) anticoagulation 


Asinger et al'?? 
No anticoagulation 


(+) anticoagulation 
Turpie et al'®* 




















2 wk 11 5 60t 












2 wk 9ł 2 0 











No anticoagulation 10d 6 8 0 
(+) anticoagulation 10d 6 30 0 
(+) anticoagulation 4 mo 8 11 9 





Johannessen et al? 
(+) anticoagulation 7d 3 4 


0) 8 
Aggregate 
No anticoagulation 3-15 46 13 


(+) anticoagulation 3-15 139 3 
*Emboli more than 1 month after myocardial infarct in patients without early emboli; all studies were of con- 
secutive patients, and only that of Tramarin et al'?® was randomized. 


tUnusual distribution of emboli: four of six to gut, only one of six to brain. 
Two patients unavailable for follow-up in studies by Visser et al’? and one in Asinger et al.'* 















































Nonischemic cardiomyopathies * 


Hypertrophic'’’ 
Amyloid'®? 
Rheumatic myocarditis '*®:'”® 
Neuromuscular disorders'”* 
Catecholamine induced’! 
Doxorubicin hydrochloride (Adriamycin)'”’ 
Idiopathic '®* '6'.'6 
Viral“? 
Peripartum'®* 7? 
Contusion'® 
Hypereosinophilic'®® 
Alcoholic '*® 
Chagas’ disease‘'®* 
Ventricular thrombi without underlying heart disease 
Polycystic disease'™ 
Myeloproliferative disorders / thrombocythemia '*®:'®” 
Systemic lupus'® 
Malignancy'®® 
Idiopathic'*° 
Mitral valve prolapse'’® 
Mitral annulus calcification'’”® 
Nonbacterial thrombotic (marantic) endocarditis? 
Infective endocarditis 
inflammatory valvulitis: Libman-Sacks endocarditis," Behget's disease"? 
Calcific aortic stenosis?’ 
Atrial septal aneurysms'® 
Aortic aneurysms'® 
Paradoxical emboli'®° 
Atrial septal defects 
Patent foramen ovale 
Ventricular septal defects 
Pulmonary arteriovenous fistulas 
Cardiac tumors: primary and metastatic 





* Selected types from the recent literature concerning embolic stroke. 
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Table 6.—Cardioembolic Stroke: Less Common Sources 


Se 


Echocardiographic studies report 
widely different prevalences of LVT 
(0% to 37% )4*!5%16163 and occasional 
persistence of LVT despite anticoagu- 
lant therapy.'” The incidence of emboli 
in idiopathic cardiomyopathy has been 
estimated at about 4% per year (range, 
0% to 12% per year), 1°“ is perhaps 
lower in children,'? and is apparently 
reduced by anticoagulation." In 
general, the risk of emboli parallels 
the severity of cardiomyopathy, but 
embolic stroke can precede overt con- 
gestive heart failure." It is gener- 
ally recommended that long-term an- 
ticoagulation be undertaken in all 
types of nonischemic cardiomyopa- 
thies of any severity in adults, with or 
without LVT, in the absence of con- 
traindications, as the heterogeneity of 
causes and severities have hampered 
identification of high- and/or low-risk 
groups test 


MITRAL VALVE PROLAPSE 


Scores of reports have appeared dur- 
ing the past decade that link MVP and 
cerebral ischemia, particularly in 
young adults with otherwise unex- 
plained stroke/TIAs.'*"*' Five recent 
studies of stroke in young adults found 
MVP as the putative cause in a mean of 
only 4% (range, 2% to 6%,'**'* while 
three other studies found more than 
30% of young patients with cerebral 
ischemia to have MVP.” These 
widely differing prevalences may be 
explained by a subtle bias in echocar- 
diographic interpretation, as there is 
considerable intraobserver-inter- 
observer variability, as well as 
by patient selection. Ischemic events 
associated with MVP are more often 
TIAs, particularly involving the ret- 
ina, than disabling stroke, suggesting 
that small emboli are the rule unless 
AF coexists. 

Depending on _ echocardiographic 
techniques and criteria, some degree of 
MVP is present in 5% of the general 
population and is particularly fre- 
quent in young women. Most such peo- 
ple have a normal variant of mitral 
leaflet excursion and are not at risk for 
complications of MVP.'*'” An uncer- 
tain fraction have a primary myxoma- 
tous abnormality of the valve leaflets, 
chordae, and annulus and are prone to 
complications. Demographic data sup- 
port the existence of at least two pop- 
ulations with MVP: while MVP is most 
common in young women, complica- 
tions are more frequent in older pa- 
tients and in men.!%!%* Clinical/ 
echocardiographic criteria that distin- 
guish a benign, normal MVP from a 
pathologic, complication-prone MVP 
include age, male sex, redundant and 
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thickened leaflets, and associated mi- 
tral regurgitation, tricuspid valve 
prolapse, and mitral annulus 
abnormalities.!!1%% —Transesoph- 
ageal echocardiography may assist in 
the identification of related myxoma- 
tous abnormalities.” 

Case reports, pathologic studies, and 
case-control analysis of risk factors all 
support a cardioembolic cause for 
MVP-related ischemia.!”'9798 Pro- 
thrombotic states associated with oral 
contraceptives and protein C or pro- 
tein S deficiency may occasionally be 
contributory.” Active infective 
endocarditis should be considered 
whenever a patient with MVP has an 
embolism.” When MVP with the 
aforementioned benign features is as- 
sociated with a stroke in a young 
woman, a causal role should be viewed 
with skepticism. The low risk of a 
stroke in unselected patients with 
MVP has been confirmed by findings 
from recent studies.” Based on a 
5% prevalence of MVP, a 3/100000 
yearly incidence of strokes in young 
adults with a 15% prevalence of MVP- 
related strokes, it can be estimated 
that the absolute risk of a stroke in 
young adults with MVP is only about 
1/11000 per year. A similar risk for 
“pathologic”? MVP awaits further 
characterization and follow-up data. 


PROSTHETIC CARDIAC VALVES 


Prosthetic cardiac valves are classi- 
fied as either mechanical valves 
(Starr-Edwards, Bjork-Shiley, St Jude 
Medical, Medtronic-Hall, and others) 
that generally require long-term anti- 
coagulation, or bioprosthetic valves 
(Hancock, Carpentier-Edwards, and 
Ionescu-Shiley, among others) of 
lower inherent thrombogenicity, often 
not requiring long-term anticoagula- 
tion. The rate of embolism in antico- 
agulated patients with mechanical 
PCVs is about 3% per year for mitral 
valves and 1.5% per year for aortic 
valves.**?!? Embolic rates for nonanti- 
coagulated patients with bioprosthetic 
PCVs average 2% to 4% per year, ex- 
cluding those patients with biopros- 
thetic PCVs and AF who usually 
receive long-term anticoagula- 
tion.**!!2!2 Most central nervous Sys- 
tem ischemic events are transient in 
anticoagulated patients; the risk of a 
stroke with permanent deficits is less 
than 2% per year and less than 1% per 
year for anticoagulated mechanical 
mitral and aortic PCVs, respec- 
tively.7%405208-210 Coexistent AF. in- 
creases the embolic risk in all 
PCVs.*™°> Major hemorrhage compli- 
cating anticoagulation occurs in1% to 
2% per year in most reports, in which 
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the mean patient age is usually be- 
tween 50 and 60 years old. 

The relative risk of embolism and 
valve thrombosis between different 
types of mechanical PCVs is contro- 
versial; each model has strong propo- 
nents, but adequate clinical data al- 
lowing meaningful comparison are 
limited.” There is general agreement 
that all adults with mechanical PCVs, 
even newer models, require long-term 
anticoagulation. The optimal antico- 
agulation intensity that balances em- 
bolism prophylaxis with bleeding in 
mechanical PCVs (and especially in 
high- and/or low-risk subgroups) has 
not been firmly established. Less in- 
tensive anticoagulation (rabbit brain 
prothrombin time ratio, 1.4 to 2.0; 
international normalized ratio [INR], 
2.6 to 4.5) has been adequate in recent 
reports.”?!4 Addition of dipyrida- 
mole to warfarin further reduces the 
embolic risk in mechanical PCVs and 
is often recommended when less inten- 
sive anticoagulation is used, although 
up to 10% of patients experience head- 
ache or gastrointestinal distress.2!2 A t- 
tempts to treat adults with mechanical 
PCVs with antiplatelet agents without 
anticoagulation have resulted in unac- 
ceptable risks of embolism and/or 
valve thrombosis.™!5 However, sev- 
eral recent studies have reported low 
embolic rates in children with me- 
chanical PCVs who are treated with 
antiplatelet agents alone, particularly 
those with aortic PCVs.2'*2!8 It is un- 
clear why children should differ from 
adults in this regard; speculation has 
included coagulation/fibrinolytic dif- 
ferences, the relative infrequency of 
coexistent AF in children, the higher 
cardiac output of children, and a 
higher frequency of subclinical embo- 
lism in children. Whether children 
with mechanical PCVs should receive 
long-term anticoagulation or anti- 
platelet agents alone is presently 
controversial.” Further experience 
with anticoagulation regimens during 
pregnancy in women with mechanical 
PCVs continues to be discouraging; 
there is no satisfactory management 
scheme.?!2:220.221 


NONBACTERIAL THROMBOTIC 
ENDOCARDITIS 


Nonbacterial thrombotic endocardi- 
tis (NBTE) (also called marantic, ver- 
rucous, terminal, and paraneoplastic 
endocarditis) is clinically underrecog- 
nized, present in 0.5% to 1.0% of con- 
secutive autopsies, and accounts for 
27% of ischemic stroke in patients 
with cancer.''”22 Clinical emboli com- 
plicate NBTE in at least 30% of pa- 
tients, and emboli are present in the 


majority of autopsies. Emboli are usu- 
ally multiple, often causing devas- 
tating strokes in patients with local- 
ized and/or controlled cancer, particu- 
larly during chemotherapy. 
Nonbacterial thrombotic endocarditis 
complicates many nonmalignant, 
usually wasting illnesses (in- 
cluding acquired immunodeficiency 
syndrome)'”*526 and can precede rec- 
ognition of malignancy.” A prothrom- 
botic state is probably the most im- 
portant precipitant of NBTE, which 
appears in continuum with Trous- 
seau’s syndrome and diffuse intravas- 
cular coagulation in some patients.” 
While NBTE is usually not associated 
with underlying valve abnormalities, 
the occurrence of tricuspid and pul- 
monic valve NBTE in patients with 
pulmonary artery catheters supports a 
role for endothelial disruption.'” Non- 
bacterial thrombotic endocarditis 
would appear to be a nonspecific val- 
vular thrombotic complication of a 
spectrum of illnesses, to which pro- 
thrombotic states, valvular endo- 
thelial disruption, and underlying 
valve disease contribute in varying de- 
grees. 

Valvular thrombi are usually small 
(<3 mm), but can be large and embo- 
lize to occlude limb arteries symp- 
tomatically.'” The neurologic syn- 
drome is one of multiple infarcts, but 
nonfocal encephalopathy is also 
common.” It is uncertain whether 
central nervous system vascular occlu- 
sions are all embolic or represent in 
situ thrombosis from a systemic pro- 
thrombotic state.22 A clinical diagno- 
sis is difficult, as only a minority have 
cardiac murmurs, but can be aided by 
high-quality echocardiography dem- 
onstrating valvular vegetations and/ 
or thickening.”’?> Reports of treat- 
ment are anecdotal; heparin anticoag- 
ulation is most often recom- 
mended.!”???3 


PARADOXICAL EMBOLISM 


Interest in paradoxical embolism 
has been rekindled by contrast 
echocardiographic demonstration of a 
10% to 18% prevalence of physiologic 
shunting via a patent foramen ovale in 
normal people'**”*! and an increased 
prevalence (54% to 56%) of a patent 
foramen ovale in young adults with 
unexplained stroke.'*°*° By using con- 
trast echocardiography to screen for 
potential shunts, multiple recent se- 
ries and case reports suggest that par- 
adoxical emboli are an underrecog- 
nized cause of systemic embolism 
(Figs 3 and 4). Paradoxical embo- 
lism occurs when material originating 
in the venous circulation or right car- 
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diac chambers migrate into the sys- 
temic circulation through vascular 
shunts that bypass the pulmonary cap- 
illary bed. Emboli arise from thrombi 
in the crural/pelvic veins or in the 
right side of the heart, but the source 
is often occult; cardiac myxomas and 
fat can occasionally cause paradoxical 
embolism. As pulmonary emboli are 
often of an occult source, the lack of an 
identifiable source of many paradoxi- 
cal emboli is not unexpected. Paradox- 
ical embolism causing stroke was not 
found among 124 adults with cyanotic 
congenital heart disease in one 
report.” In recent reports, most pre- 
sumed paradoxical emboli are associ- 
ated with a patent foramen ovale 
without a sustained increase in right 
atrial pressure, with shunting due to 
transiently increased pressure occur- 
ring with Valsalva-provoking activi- 
ties.722-234,240 

A clinical diagnosis based primarily 
on demonstrating a patent foramen 
ovale is clearly presumptive; yet, more 
strict criteria requiring a sustained 
increased right atrial pressure and de- 
monstrable crural and/or pelvic 
thrombophlebitis have probably re- 
sulted in clinical underrecognition. In 
patients with a suspected systemic 
embolism, without another identified 
source and with a patent foramen 
ovale, paradoxical embolism should be 
considered as a possible cause, partic- 
ularly if the onset was related to Val- 
salva-provoking activities. Assuming 
that a patent foramen ovale occurs in 
about 15% of normal persons and in 
50% of young adults with an unex- 
plained stroke,!*°! the likelihood 
that the patent foramen ovale is unre- 
lated and coincidental is about one in 
three in young adults with an unex- 
plained stroke. If transient shunting is 
confirmed by cardiac catheterization 
and particularly if a probe-patent 
communication is demonstrable, the 
cause-effect relationship is further 
supported. Hence, the demonstration 
of a patent foramen ovale in a young 
adult with unexplained stroke even 
without recognized venous thrombosis 
and/or sustained pulmonary hyper- 
tension suggests a possible paradoxi- 
cal embolism. Contrast echocardio- 
graphy with Valsalva’s maneuver is 
recommended for all young adults 
with an unexplained stroke. The natu- 
ral history of recurrent paradoxical 
emboli in patients with a patent fora- 
men ovale in whom no source was 
identified is uncertain. Anecdotal fol- 
low-up of such patients treated with 
aspirin alone or short-term anticoag- 
ulation followed by aspirin has shown 
a low risk of recurrence.”””** 
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INFECTIVE ENDOCARDITIS 

The incidence and predictors of is- 
chemic stroke and brain hemorrhage 
complicating infective endocarditis 
have recently been reevaluated by two 
groups.!°2745 The prevalence of is- 
chemic stroke continues to range from 
15% to 20%, with the majority of 
strokes occurring on presentation or 
during the initial 48 hours after 
diagnosis." The risk of a late stroke 
(after 48 hours) in patients with con- 
trolled infection is less than 5%.°” 
The risk of recurrent stroke is ex- 
tremely low when infection is con- 
trolled; an initial embolism does not 
appear to be an indication for valve 
replacement.!??” The risk of embolism 
is not strongly related to the valve site, 
but it is higher with Staphylococcus 
aureus infection and with mechanical 
prosthetic valves.” 

As recent data suggest that control 
of infection results in a dramatic de- 
crease in the rate of embolism, there 
would appear to be little role for anti- 
coagulation in patients with native 
valve endocarditis. In patients who 
survive the acute course, the risk of a 
late embolic stroke is very low.” 
Valve replacement has been per- 
formed for progressive cardiac failure 
in patients with endocarditis and a re- 
cent stroke without exacerbation of 
neurologic deficits.“ The predictive 
value of valvular vegetations detected 
echocardiographically for an embo- 
lism has been controversial, with 
methodologic differences in existing 
retrospective studies precluding a de- 
tailed comparative analysis.'??°-*°” 
Transesophageal echocardiography 
may increase the sensitivity. Fur- 
ther prospective data are required be- 
fore management decisions can be 
based on the presence and size of veg- 
etations. Abdominal CT scans in pa- 
tients with endocarditis frequently re- 
veals asymptomatic splenic infarcts, 
indicating a substantial prevalence of 
clinically unrecognized emboli.” 

Most intracranial hemorrhages 
complicating infective endocarditis oc- 
curs in patients with S aureus infec- 
tion during uncontrolled infection, 
presumably due to pyogenic arteries 
(Fig 5).° Intracranial hemorrhage 
during uncontrolled infection with S 
aureus mitral/aortic valve endocardi- 
tis occurs in 20% of patients and is 
usually fatal, emphasizing the need for 
early recognition and prompt antimi- 
crobial treatment.'**? Cerebral my- 
cotic aneurysms potentially amenable 
to surgery occur in less than 2% of pa- 
tients with infective endocarditis.” 
Rupture occurs unpredictably, and 
while rupture can occur months after 


bacteriologic cure,!** the risk of late 
rupture of a mycotic aneurysm is 
low. As many unruptured mycotic 
aneurysms, including large and en- 
larging ones, heal fully with anti- 
biotic therapy while others unpre- 
dictably hemorrhage, we can discern 
no rational approach to their pre- 
symptomatic detection and manage- 
ment.243:244:253-255 

Optimal management of anticoagu- 
lation in patients with prosthetic valve 
endocarditis who receive long-term 
anticoagulation is unclear. Retrospec- 
tive analysis of patients in whom anti- 
coagulation is continued show a sub- 
stantial risk of embolism.”*4*°* Initi- 
ation of antimicrobial therapy appears 
to be the major factor that reduces the 
embolism rate.” Empirically, contin- 
uation of anticoagulation is usually 
recommended unless embolic stroke 
occurs. 1622!1:257-259 


OTHER CARDIOEMBOLIC SOURCES 


Mitral annulus calcification is asso- 
ciated with an increased risk of stroke 
but is more often a marker of general- 
ized atherosclerosis, AF, and infective 
endocarditis than a primary embolic 
source.!!”826 While there is a consensus 
that most patients with rhewmatic mi- 
tral stenosis and AF should receive 
long-term anticoagulation, 20% of em- 
boli occur in patients with apparent 
sinus rhythm.!”*! Holter monitoring to 
detect occult AF? and echocardio- 
graphy to detect spontaneous contrast 
in the atria (“atrial smoke”) may 
predict patients with mitral stenosis 
and sinus rhythm who are at special 
risk for embolism. Follow-up of pa- 
tients with mitral stenosis treated 
with warfarin following an initial em- 
bolism showed a 3.9% per year recur- 
rence risk, similar to the embolic risk 
of prosthetic mitral cardiac valves.” 
The risk of an embolism is low in 
patients with hypertrophic cardiomy- 
opathy unless AF is present.” The 
embolism risk in patients with hyper- 
trophic cardiomyopathy and AF may 
be 5% to 10% per year, is independent 
of whether obstruction is present, and 
is highest in proximity to the onset of 
A F .177:266.267 

Calcific aortic stenosis is found in 
about 1% (range, 0.5% to 2.3%) of 
echocardiographic studies of consecu- 
tive patients with TIAs/strokes.*°?*” 
Spontaneous emboli complicating cal- 
cific aortic stenosis are uncommon and 
are usually small, being clinically oc- 
cult or producing transient monocular 
blindness.”*? Larger emboli have 
been associated with cardiac cath- 
eterization” and percutaneous balloon 
valvuloplasty of CAS.” In a recent 
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Fig 4.—Contrast echocardiography demonstrates intracardiac right-to- 
left shunt: A, normal anatomic relationships in apical four-chamber view. 
B, After rapid injection of 5 mL of normal saline solution into right ante- 
cubital arm vein, right-to-left interatrial passage of contrast occurs 
throughout respiratory cycle without Valsalva’s maneuver. LV indicates 
left ventricle; RV, right ventricle; LA, left atrium; RA, right atrium: and CS, 
coronary sinus (from Higgins et al?°°), 





A ”- A ` ihe - « 
~ 3 * se Oo 7 6 $ . * us 
OARS, : MEY E SOR i Te a 
f 4 a? 


. 
É te Ka 
‘ » *. a“ .. 
a ts pool 
p” a, ESH ot 
: a Prr te s 
Fig 5.— Septic embolus in middle cerebral artery causing initial ischemic 


stroke, then hemorrhage in patient with Staphylococcus aureus en- 
docarditis. Pyogenic arteritis is present without aneurysmal dilatation 
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Fig 6.—Atrial septal aneurysm. Two-dimensional echocardiogram 
shows protrusion of atrial septal aneurysm into left atrium (LA) and in- 
termittently into right atrium (RA). LV indicates left ventricle; and RV, right 
ventricle (from Shenoy et al'®’), 


(hematoxylin-eosin, X10) (from Hart et al**°). 


study of 26 patients with severe calcific 
aortic stenosis (most presumably had 
previous transvalvular catheteriza- 
tion) who underwent CT scans before 
valvuloplasty, asymptomatic brain in- 
farcts were found in 19% to 27% 2 
Multiple recent reports have linked 
atrial septal aneurysms (ASAs) de- 
tected by two-dimensional echocardi- 
ography with emboli.'*2”"2% Atria] 
septal aneurysms are areas of localized 
bulging of the fossa ovalis in the inter- 
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atrial septum; most protrude alter- 
nately into the left and right atrium as 
pressure gradients shift, while some 
remain as a fixed bulge into the right 
atrium (Fig 6). The association of 
ASAs with MVP suggests a linked dis- 
order with redundance of connective 
tissue.””?" Many ASAs are fenes- 
trated with minor degrees of right-to- 
left shunting detectable by contrast 
echocardiography during Valsalva’s 
maneuver, while others are associated 


with hemodynamically important sep- 
tal defects. Atrial septal aneu- 
rysms have been reported in 1% of au- 
topsies, in 0.2% to 0.5% of routine 
two-dimensional echocardiograms 
and, in one study, 2% of echocardio- 
grams of patients with an embo- 
lism.?”!7727° Individual case reports 
suggest that ASAs can be a primary 
source of emboli?’!?’42%. other mecha- 
nisms include paradoxical embolism 
due to associated atrial septal defects 
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and emboli due to associated MVP 
and/or AF. The risk of an embolism 
when an asymptomatic ASA is fortu- 
itously discovered, the natural history 
of a recurrent embolism, and optimal 
antithrombotic therapy are unknown. 
Atrial myxomas are the most com- 
mon primary cardiac tumors and can 
present with stroke.'*”” Myxomas oc- 
cur at any age, but particularly be- 
tween the ages of 30 and 60 years. 
About 1% of young adults with is- 
chemic stroke are found to have left 
atrial myxomas.'**?” The prevalence of 
atrial myxomas in unselected patients 
with strokes/TIAs is about 1/750 
(range, 1/350 to 1/891).”'°** A cardiac 
CT scan can supplement the echocar- 
diographic diagnosis. It is uncertain 
whether patients awaiting surgical re- 
moval should be anticoagulated; late 
appearance of myxomatous cerebral 
aneurysms has been reported but is 
uncommon.?”2” Other primary and 
metastatic cardiac tumors can also 
produce emboli that variably consist of 
neoplastic tissue and thrombi.*°** 


OPTIMAL THERAPEUTIC RANGE OF 
ORAL ANTICOAGULATION 


The range of prothrombin time pro- 
longation for monitoring warfarin 
therapy that optimally balances an- 
tithrombotic effect and bleeding com- 
plications has not been established by 
adequate clinical trials for most cardi- 
oembolic sources. The optimal range 
may differ between cardioembolic 
sources and even between patient sub- 
groups with the same underlying car- 
diac disorder. Analysis of clinical data 
has been confounded by the use of 
thromboplastin reagents of different 
sensitivities for the prothrombin 
time. In North America, more than 
90% of laboratories use a rabbit brain- 
derived thromboplastin that is much 
less sensitive than the human brain- 
derived reagent that is widely used in 
Europe and the United Kingdom. To 
allow accurate comparison of antico- 
agulation intensity between laborato- 
ries that use different reagents, inter- 
national standards have been devel- 
oped for reference thromboplastins to 
allow generation of a common scale, 
the INR. The INR can be calculated for 
any prothrombin time by using infor- 
mation from the manufacturer of the 
reagent. Without concurrent reporting 
of the INR with prothrombin time 
values/ratios, meaningful comparison 
of prothrombin times between labora- 
tories is not possible.* 

It is clear that the risk of bleeding 
complications parallels the dose/in- 
tensity of anticoagulation. Random- 
ized trials.that have directly compared 
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low-intensity anticoagulation (rabbit 
brain thromboplastin ratio, 1.3:1.6; 
INR, 2.0 to 3.0) to higher intensity have 
shown equal antithrombotic efficacy 
and less bleeding in the prevention of 
venous thrombosis and for postopera- 
tive patients with bioprosthetic mitral 
valves.2!4284285 Karly randomized trials 
that have shown a reduction in emboli 
in patients with AMIs who were given 
warfarin used low-intensity (INR, 2.0 
to 3.0) anticoagulation.' For patients 
with mechanical prosthetic heart 
valves, a higher intensity of anticoag- 
ulation is usually recommended 
(rabbit brain thromboplastin ratio, 1.4 
to 2.0; INR, 2.6 to 4.5), although recent 
retrospective studies have reported 
low risks of thromboembolism with 
lower intensities.””?? Pending further 
clinical data, anticoagulation to INRs 
to 2.0 to 3.0 would appear to be satis- 
factory for embolism prophylaxis for 
many types of heart disease; higher 
intensities may be required in specific 
situations or with recurrent embo- 
lisms. 


ANTICOAGULATION OF ACUTE 
CARDIOEMBOLIC STROKE 


The optimal time to initiate antico- 
agulation following a cardioembolic 
stroke continues to be contro- 
versial.2*28’ The dilemma balances the 
potential reduction in an early recur- 
rent embolism by anticoagulation 
against the risk of potentiating sec- 
ondary brain hemorrhage.'*’** As our 
initial report discussed the concepts 
and evolving literature in some detail, 
this section will update the previous 
summary.’ 

Based on aggregate analysis of 15 
mostly retrospective studies, we pre- 
viously estimated that about 12% of 
patients with a cardioembolic stroke 
will experience a second embolic 
stroke within 2 weeks.' Five subse- 
quent studies have reported rates of an 
early recurrent embolism between 0% 
and 21% .©8°2: In the largest of these 
studies (reported in abstract), the 
early recurrence risk of a brain or sys- 
temic embolism within 3 weeks was 
21% in 160 patients with cardioembo- 
lic strokes who were not anticoagu- 
lated and was 2% in 52 anticoagulated 
patients.” In contrast, a recurrent em- 
bolism occurred in only 3% of 39 
nonanticoagulated patients with a 
stroke that prospectively was classi- 
fied as cardioembolic in another 
report.” The wide variation in the rate 
of an early recurrent embolism sug- 
gests important methodologic differ- 
ences in patient selection, follow-up, 
and/or criteria for a recurrent 
embolism. In aggregate, accumulat- 


ing evidence suggests that patients 
with nonrheumatic AF may have a 
lower risk of recurrence during the 
first 2 to 4 weeks following an initial 
embolus compared with other 
eardioembolic sources,'*???_—al- 
though others have found comparable 
recurrence rates.” + 

Cardioembolic strokes appear to 
have a special, but not exclusive, pro- 
pensity for delayed hemorrhagic 
transformation that makes early anti- 
coagulation potentially risky.* Hem- 
orrhagic transformation can occur 
with persistent proximal occlusions, 
implicating other mechanisms besides 
distal migration of cardioembolic 
fragments.°°*"! While hemorrhagic 
transformation usually occurs within 
48 hours of a cardioembolic stroke, 
later hemorrhagic transformation has 
been well documented.?8?87.288.299.300 Cor- 
relation of hemorrhagic infarction de- 
tected by magnetic resonance imaging 
with clinical features and CT has thus 
far been only anecdotal.*”° 

The value of early anticoagulation of 
patients with cardioembolic stroke has 
not been established by adequate 
clinical trials. Recommendations re- 
main controversial and largely 
empiric, 2? and additional well- 
designed studies are needed. By assim- 
ilating recent data with those previ- 
ously analyzed in our initial report, 
delaying CT for a minimum of 48 hours 
following a stroke to exclude hemor- 
rhagic transformation before initiat- 
ing anticoagulation in small-to-mod- 
erate strokes may be prudent. With- 
holding anticoagulation for several 
weeks in all patients or in those with 
nonrheumatic AF is a more conserva- 
tive, but acceptable alternative ap- 
proach. Fibrinolytic therapy for acute 
cardioembolic stroke is undergoing 
clinical study; hemorrhagic infarcts 
have been frequently associated with 
fibrinolytic therapy in small case 
series.” 
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Factors Associated With Hydrocephalus After 
Subarachnoid Hemorrhage 


A Report of the Cooperative Aneurysm Study 


Neill R. Graff-Radford, MB, BCh, MRCP; James Torner, PhD; Harold P. Adams, Jr, MD; Neal F. Kassell, MD 


è Hydrocephalus is an important com- 
plication of subarachnoid hemorrhage 
(SAH). We analyzed several factors possi- 
bly related to hydrocephalus following 
SAH in 3521 patients from the Interna- 
tional Study on the Timing of Aneurysm 
Surgery. Hydrocephalus was diagnosed 
on admission computed tomographic (CT) 
scans in 15% of patients and was thought 
to be clinically symptomatic in 13.2% of 
patients. There was a 5.9% overlap be- 
tween these groups. Using contingency 
table analysis, we found the following 
were significantly related to clinical hydro- 
cephalus: increasing age; preexisting hy- 
pertension; admission blood pressure 
measurements; postoperative hyperten- 
sion; admission CT findings of intraven- 
tricular hemorrhage, a diffuse collection of 
subarachnoid blood, and a thick focal col- 
lection of subarachnoid blood; posterior 
circulation site of aneurysm; focal is- 
chemic deficits; use of antifibrinolytic 
drugs preoperatively; hyponatremia; ad- 
mission level of consciousness; and a low 
score on the Glasgow outcome scale. Us- 
ing discriminate factor analysis to predict 
clinical hydrocephalus, the mostimportant 
variables in order were the following: CT 
hydrocephalus, intraventricular hemor- 
rhage, admission level of consciousness, 


Accepted for publication March 8, 1989. 
rom the Department of Neurology, University 

of lowa College of Medicine, iowa City (Drs 
Graff-Radford and Adams), and Department of 
Neurosurgery, University of Virginia School of 
Medicine, Charlottesville (Drs Torner and Kas- 
sell), 

Reprint requests to Department of Neurology, 
University of Iowa Hospital and Clinics, Iowa 
City, IA 52242 (Dr Graff-Radford). 


744 Arch Neurol—Vol 46, July 1989 


presubarachnoid hypertension, increas- 
ing age, subarachnoid blood noted on CT 
scan, posterior circulation aneurysm site, 
and hypertension postoperatively (canon- 
ical correlation = .399). We conclude that 
the development of hydrocephaius after 
SAH is multifactorial. Factors that compro- 
mise cerebrospinal fluid circulation 
acutely (eg, intraventricular hemorrhage, 
hemorrhage from a posterior circulation 
site of aneurysm, and diffuse spread of 
subarachnoid blood) contribute to the de- 
velopment of acute hydrocephalus. These 
same factors, plus the use of antifibrin- 
olytic drugs preoperatively, are also im- 
portant in the pathogenesis of clinical hy- 
drocephalus, perhaps by promoting sub- 
arachnoid fibrosis. Oider patients, those 
with preexisting hypertension, hyperten- 
sion on admission, and hypertension post- 
operatively, and those who develop focai 
ischemic deficits or have hyponatremia 
are all more likely to have acute and clin- 
ical hydrocephalus. Patients with hydro- 
cephalus following SAH have a worse 
prognosis. 
(Arch Neurol, 1989:46:744-752) 


Gubarachnoid hemorrhage (SAH) 
can be complicated by acute or 
chronic hydrocephalus. Depending on 
both the method of diagnosis and the 
interval from SAH, the incidence of 
hydrocephalus has been reported to 
range from 6% to 67% .'* Some, but not 
all, of those patients diagnosed as 
having hydrocephalus after SAH re- 
quire treatment with shunt surgery.?** 
Researchers have proposed that 


acute hydrocephalus results from sub- 
arachnoid blood interfering with cere- 


‘brospinal fluid (CSF) circulation 


through the aqueduct of Sylvius,’ the 
fourth ventricular outlet, the basal 
cisterns, and the subarachnoid 
space,*”!*4 or CSF absorption at the 
arachnoid granulations.! Chronic hy- 
drocephalus results when adhesions 
form in the pia-arachnoid, perma- 
nently impeding CSF circulation, ™! 4161 
oritsabsorptionatthearachnoidgranu- 
lations.” While acute hydrocephalus 
often leads to chronic hydrocephalus, 
this is not inevitable because the ad- 
hesions are often patchy” and are fre- 
quently reabsorbed.” 

Factors found to correlate with the 
development of hydrocephalus after 
SAH include the following: intraven- 
tricular hemorrhage, 7 advanced 
age,’ amount of subarachnoid blood 
noted on computed tomographic (CT) 
scans, |" vasospasm,“ aneurysm 
site," depressed level of conscious- 
ness on admission $? poor prog- 
nosis,” hyponatremia,’ and use of 
antifibrinolytic drugs.**?? Hyperten- 
sion may be related to hydro- 
cephalus.” 

In this study, we tested statistically 
for factors that are significantly asso- 
ciated with hydrocephalus following 
SAH in a large group of patients re- 
cruited for the International Study on 
the Timing of Aneurysm Surgery. We 
then analyzed each of these factors re- 
garding their possibly causing or being 
caused by hydrocephalus or their being 
related for some other reason. 
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ed 


Clinical 
7.3% 


Admit CT 
+ Clinical 
5.9% 


Fig 1.—The occurrence and overlap of hydro- 
cephalus seen on admission computed tomo- 
graphic (CT) scans and hydrocephalus diag- 
nosed clinically. 


PATIENTS AND METHODS 
Patient Population 


Sixty-eight centers from 15 countries 
participated in the International Study on 
the Timing of Aneurysm Surgery. The pa- 
tient population consisted of 3521 patients 
admitted within 3 days of their first SAH. 
Hydrocephalus was defined in two ways. 

1. CT hydrocephalus was defined as evi- 
dence of ventricular enlargement on the 
admission CT scan. Determination of en- 
larged ventricles was made by the treating 
neuroradiologist or neurosurgeon. Because 
this determination was made on the admis- 
sion CT scan, CT hydrocephalus reflects 
acute hydrocephalus following SAH. Of the 
total population, there were 527 patients 
(15%) with CT hydrocephalus. 

2. Clinical hydrocephalus was defined as 
development of clinically significant en- 
largement of the ventricles at any time af- 
ter admission, including preoperative and 
postoperative periods. Diagnosis was based 
on clinical criteria and was made by the 
treating neurosurgeons. Clinical hydro- 
cephalus reflects both acute and subacute 
hydrocephalus. Of the total population, 
there were 466 patients (13.2%) with clini- 
cal hydrocephalus. 

The overlap of those with CT and clinical 
hydrocephalus is shown in Fig 1. Of 527 pa- 
tients with CT hydrocephalus, 115 (21.8%) 
underwent shunt surgery; of 466 patients 
with clinical hydrocephalus, 198 (42.5%) 
underwent shunt surgery. 

The categories of hypertension were de- 
fined as indicated below. i 

1. Pre-SAH hypertension was defined as 
a medical history and/or prior treatment of 
hypertension. 

2. Admission blood pressure was defined 
as the actual systolic and diastolic mea- 
surements recorded on admission to the 


” hospital. 


3. Postoperative hypertension was de- 
fined as blood pressure of at least 150 mm 
He systolic or 90 mm Hg diastolic after an- 
eurysm surgery. 


Statistical Methods 


Association of categorical variables with 
the occurrence of hydrocephalus was eval- 
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Subjects With Admission CT 


Hydrocephalus * 

Demographic 

Characteristic 
Sex 

Male 1349 


Female 2102 


No. With Total 


Age, y 
18-29 


30-39 
40-49 
50-59 
60-69 
70-87 


Total 


Subjects With Admission CT 


Hydrocephalus 
Clinical 
Evaluation 
History of pre- 
SAH hypertension 
No 


Yas 


No. With Total 


Admission systolic 
blood pressure, mm Hg 
<100 


100-119 
120-139 
140-159 
160-179 
180-199 
200+ 


Admission diastolic 
blood pressure, mm Hg 
<75 63 


75-89 142 
90-104 226 
105-119 53 
120+ 43 


Post-op hypertension 
No 313 


Yes 71 


Total 


tetra eg, 


(tt ert a, 


% No. With 


Subjects With 
Clinical Hydrocephalus 
A a A S NT LEN SH, 
No. With Total % 


Subjects With 
Clinical Hydrocephalus 
(at Ratt 
Tota! % 





“CT indicates computed tomography; SAH, subarachnoid hemorrhage; and post-op, postoperative. 


uated using contingency table analysis with 
significance determined by a x? test. Con- 
tinuous variables were analyzed using anal- 
ysis of variance with significance deter- 
mined by an F test. Stratified analysis of 
two variables was performed using the 
Mantel-Haenszel procedure. Multivariate 
analysis was carried out using the linear 
discriminant function with significance de- 
termined by an F test. Canonical correla- 
tions are reported. These represent the 
strength of the discriminant function in 
classifying hydrocephalus. Significance was 
determined by comparison with appropri- 


ate distributions corresponding to P = .05. 

Variables Associated With Hydrocepha- 
lus.—We used contingency table analysis 
comparing the nonhydrocephalic group 
with both hydrocephalic groups, ie, those 
with CT hydrocephalus and those with 
clinical hydrocephalus. The variables stud- 
ied were age; sex; history of hypertension; 
admission systolic and diastolic blood pres- 
sure; hypertension postoperatively; the ad- 
mission CT findings of intraventricular 
hemorrhage, intracerebral hemorrhage, 
diffuse subarachnoid blood, a thick focal 
collection of subarachnoid blood, a thin fo- 
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<100 100-119 120-139 


140-159 


200+ 


160-179 180-199 


Admission Systolic Blood Pressure, mm Hg 


Fig 2.——The occurrence of hydrocephalus seen on admission computed tomographic scans as a 
function of admission ‘systolic blood pressure levels. Numbers within bars indicate population of 


group. 
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45-59 60-74 75-89 


90-104 


105-119 120-134 135+ 


Admission Diastolic Blood Pressure, mm Hg 


Fig 3.—The occurrence of hydrocephalus on admission computed tomographic scans as a func- _ 


tion of admission diastolic blood pressure levels. Numbers within bars indicate population of group. 


-= ‘eal collection of subarachnoid blood, and 


‘site of aneurysm; focal ischemie deficits 


. during the acute illness; use of antifibrin- 


olytic drugs preoperatively, hyponatremia; 
-admission level of consciousness; and a low 
score on the Glasgow outcome scale. 
Variables That Best Predict Hydroceph- 
alus.—Multivariate analysis was per- 
formed using the linear discriminant func- 


tion to test which variables best predicted .’ 


` the CT and clinical hydrocephalic groups. 


= The Interrelationship of Age, Hypertension, ~ 


Site of Aneurysm, and Severity of SAH.—Cer- 
tain variables have a strong correlation 
with each other, eg, age and hypertension, 
hypertension and site of aneurysm, and se- 
verity of SAH and age. To test what role 
each of these variables may have played in 
the pathogenesis of hydrocephalus, or what 
role the pathogenesis of hydrocephalus may 
have played in these variables, we per- 
formed the following analyses. 

1. We divided the patients with CT and 
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clinical hydrocephalus by decade. For each 
decade, we separated those with preexist- 
ing hypertension from those without. Using 
the Mantel-Haenszel procedure, we then 
compared the number of patients without 
preexisting hypertension with the number 
of patients with preexisting hypertensio 
for each decade. 

2..Patients who had hypertension TEN 
operatively were selected, and, using the 

- Mantel-Haenszel procedure, we evaluated 
the influence of hydrocephalus and preex- 
isting hypertension on this group. 

8. Using contingency table analysis, ‘we 
examined how the site of aneurysm influ- 
enced the incidence of hypertension during 
hospitalization. 

4. Ventricles enlarge with age.” Thus, it 
is possible that hydrocephalus diagnosed on 
the admission CT scan in the elderly may 
have been spuriously high and could have 

' reflected an asymptomatic condition. To see 
if this was true, we performed the following 


two analyses: we analyzed the incidence of 
clinical hydrocephalus by decade (see para- 
graph 1, above); and patients who under- 
went shunt surgery for hydrocephalus were 
clearly thought.to be symptomatic from the 
hydrocephalus; therefore, using contin- 
gency table analysis, we evaluated the inei- 
dence of shunt surgery by decade. 

5. To see if age was associated with the 
amount of bleeding from the SAH, using 
contingency zable analysis we evaluated the 
incidence of subarachnoid blood seen on CT 
scans by decade. 


RESULTS 
Variables Associated With 
Hydrocephalus 


Tables i through 5 present the re- 
sults of the contingency table analyses. 

Table 1 shows that age, but not sex, 
was highly associated with both CT 
and clinical hydrocephalus. 

Table 2 shows that a history of 
hypertension and admission diastolic 
and systolic blood pressure measures 
and hypertension postoperatively are 
significantly related to CT and clinical 
hydrocephalus. Figures 2 and 3 graph- 
ically illustrate the strong association 
of CT hydrocephalus and admission 
blood pressure measurements. Figure 
4 shows that a history of hypertension, 
admission hypertension, and hyper- 
tension postoperatively are signifi- 
cantly related to CT and clinical hy- 
drocephalus. 

Table 3 shows that the admission CT 
findings significantly associated with 
hydrocephalus are intraventricular 
hemorrhage, diffuse subarachnoid 
blood, and thick focal accumulation of 
subarachnoid blood, but thin focal ac- 
cumulation of subarachnoid blood and 
intracerebral hematoma were not sig- 
nificantly related. Patients with a nor- 
mal CT sean have a significantly lower 
chance of developing hydrocephalus. 

Takle 4 shows that patients with 
posterior circulation aneurysms have 
a significantly higher incidence of hy- 
drocephalus, while patients with a 
middle cerebral aneurysm have a sig- 
nificently lower incidence of hydro- 
cephalus. 

Focal ischemic deficits and the use of 
antifibrinolytic drugs preoperatively 
are more significantly related to the 
occurrence and development of clinical 
hydrocephalus and are less signif- 
cantly related to the incidence of hy- 
drocephalus on CT scans at admission. 
Hyponatremia is significantly related 
to CT and clinical hydrocephalus. 

Table 5 shows that both an impaired 
adrnission level of consciousness and 
poor outcome on the Glasgow outcome 
scale are very significantly related to 
hydrocephalus. 
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Admission CT Hydrocephalus Clinical Hydrocephalus 


25 P= .002 P< .001 P< .0O1 25 P<.001 P< .001 P< 001 


22.6 


20.4 









‘Of 


11.1 


- 


A 
- Pre-SAH’ > Admission - `° Post-op - . ‘+ Pre-SAH - Admission.  .—_Post-op - 
Za No Hypertension E Hypertension : ZA No Hypertension — a Hypertension 





Fig 4.—A significant association between hydrocephalus (on admission computed tomographic [CT] scan and diagnosed 
clinically) and hypertension {prior to subarachnoid hemorrhage [SAH], on admission, and postoperatively [post-op}) i ig shown. 
The hypertensive groups are not mutually exclusive. Each group is compared individually. 


Variables That Best Predict 


Hydrocephalus “ Table 3.—Hydrocephalus and Admission CT Findings * 
tu a . Subjects With ‘Admission CT - Subjects With 
; eer petal Da a be per- Hydrocephalus ` | Clinical Hydrocephalus 
ormed using admission variables to Se oS 
predict both admission CT and clinical on — po: TUT. e e ao 2 
hydrocephalus. The results are seen in Aik e | | 
Tables 6 and 7, respectively. a 
Abnormal 
The interrelationship of Age, Diffuse 
Hypertension, Site of Aneurysm, and - deposition of SAH blood 
Severity of SAH . Absent 235 
Present ` 292 
Figure 5 Jow clinical hydroceph- 
alus by decade and divides it into. those Focal thick rs 
with and those without a history of ean 360 
hypertension. ‘At every age period, the Present 187 
incidenée of clinical hydrocephalus 1 is 
higher in those with preexisting Focal thin 
hypertension. Using the’ Mantel- layer of SAH blood 
Haenszel test, x? = 20.24 and P = .011; Absent 445 
therefore, a history of hypertension is Present 82 
significantly related to clinical hydro- 
cephalus independent of age. Intra- 


ventricular hematoma 
Absent 327 


Present 200 


Figure 6 shows that all patients with 
hypertension postoperatively were 
grouped in the following two ways: ac- 


cording to preexisting hypertension PR 





and according to the presence or ab- | cerebral hematoma 
sence of CT and/or clinical hydroceph- ` Absent 452 
alus. As can be seen, the presence or Present 75 
absence of clinical hydrocephalus sig- 

nificantly ‘influences the incidence: of Total 527 


hypertension (P < 001) in patients * CT indicates computed ‘tomography; SAH, subarachnoid hemorrhage. 
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Table 


Subjects With Admission CT 


Hydrocephaius 
Clinical 
History 


Aneurysm site 
IG 


MG 
AC 


No. With Totai 


Other 


Delayed 
focal ischemic deficits 
Absent 362 


Prosent 165 


Pre-op' 
antifibrinolytic eap 
No 293 


Yes 234 


Hyponatremia 
Absent 497 


Present 30 


Total 527 


pree a a A e 


% 





4,—-Hydrocephalus and Aneurysm Site, Focal Ischemic Deficits, Antifibrinolytic 
Therapy, and Hyponatremia * 


Subjects With 
Clinical Hydrocephalus 
a eer met te NN 
No. With Totai 


* CT indicates computed tomography; iC, internal carotid; MC, middle cerebral; AC, anterior cerebral or an- 
terior communicating; VBP, vertebral, basilar, and posterior; and preop, preoperative. 


Table 5.—~Hydrocephalus and Admission Level of Consciousness and Glasgow 
Outcome Scale" 


Subjects With Admission CT 
Hydrocephalus 


Clinical 
- Findings 


Admission 
consciousness leve! 
Alert 


Drowsy 
Stuporous 
Comatose 


No. With Total 


Glasgow - 
outcome scale 
Good recovery 


Moderate disability 
Severe disability 
Vegatative 

Dead 


Total 





Subjects With 
Clinical Hydrocephalus 
a 
No. With Total % 


1722 
1136 
348 
315 


60 
58 
26 
138 


446 


* Glasgow outcome scale at 6 months. CT indicates computed tomography. 


without a history of hypertension. 

Figure 7 shows that in the acute set- 
ting the incidence of hypertension by 
site of aneurysm is significantly in- 
creased in the anterior communicating 
group. Also, hypertension on admis- 
sion is much more frequent than a 
premorbid history of hypertension and 
hypertension postoperatively. 

Figure 8 shows that age by decade is 
significantly related to the need for 
shunt placement. 
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Figure 9 shows that the occurrence 
of subarachnoid blood seen on CT 
scans increases with age. 


COMMENT 


In this study, we found that the fol- 
lowing factors are significantly related 
to hydrocephalus following SAH: in- 
creasing age; preexisting hyperten- 
sion, admission blood pressure mea- 
surements, and hypertension postop- 
eratively; admission CT findings of 





Table 6.—Discriminant Function 
Predicting Admission CT 
Hydrocephalus Using Admission 
Variables * 


Variable P Value 


CT intraventricular 
hemorrhage 


Age 


Consciousness level! 

Posterior circulation 
aneurysm i 

Abnormal CT 

Middle cerebral 
aneurysm 

Diastolic blood 
pressure 


CT subarachnoid 
hemorrhage 





* Canonical correlation =- 335, CT neces: com- 
puted tomography. 


Table 7.—Discriminant Function 
Predicting Clinical Hydrocephalus 
Using Admission Variables * 


‘Variable P Value 


CT hydrocephalus 
CT intraventricular 


hemorrhage 
Consciousness level 


Pre-SAH hypertension 
Age 
CT SAH 


Posterior sirculation 
aneurysm 


Post-op hypertension 
* Canonical correlation = 0.399. CT indicates 


computed tomography; SAH, subarachnoid hemor- 
rhage and past-op, postoperative. 


intraventricular hemorrhage, a dif- 
fuse collection of subarachnoid blood, 
and a thick focal collection of sub- 
arachnoid blood; a posterior circula- 
tion site of aneurysm; focal ischemic 
deficits; use of antifibrinolytic drugs 
preoperatively; hyponatremia, admis- 
sion level of consciousness; and a low 
score on the Glasgow outcome scale. 
Equally important, a normal CT scan 
and middle cerebral aneurysm site 
predicted against the development of 
hydrocephalus. Gender, intracerebral 
hematoma and a thin focal collection 
of blood noted on CT scans were not 
related to hydrocephalus. 

Let us analyze these factors sepa- 
rately. - 

This study corroborates the report 
of Black’ that older patients with SAH 
are more likely to develop hydroceph- 
alus. Older patients are more likely to 
need shunt surgery (Fig 8), which im- 
plies that hydrocephalus in the older 
patient is symptomatic, and not spuri- 
ously diagnosed more often, because 
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older patients have larger ventricles. 
There are a number of possible reasons 
why older patients are more likely to 
develop hydrocephalus. Torner et al?! 
reported that older patients are more 
likely to have a diffuse collection of 
subarachnoid blood on CT scans (Fig 
9). Perhaps a larger subarachnoid 
space in older patients allows this ex- 
tra accumulation. Furthermore, older 
patients are more likely to have hy- 
pertension, and, in this study, we have 
found that hypertension ‘is signifi- 
cantly related to hydrocephalus. Other 
factors that may explain the relation- 
ship of age to hydrocephalus include 
decreased absorption of CSF with age 
(eg, Hammes” mentioned that 
meningeal fibrosis is more common in 
the normal elderly subject along the 
parasagittal portions of the cortex) 
and increased ventricular size that oc- 
curs with age, which could possibly 
make the ventricles more easily dis- 
tensible by the forces that lead to hy- 
drocephalus. . ` 

This study has found a significant 
association of a history of hyperten- 
sion, elevated blood pressure on admis- 
sion, and hypertension postoperatively 
with both CT and clinical hydroceph- 


_ alus. The effect of a history of hyper- 


tension on the development of hydro- 
cephalus is independent of the effect of 
age on hydrocephalus. Furthermore, 
the significant association of hyper- 
tension postoperatively is independent 
of-a history of hypertension. The sig- 
nificant association of hydrocephalus 
and hypertension in this study is sup- 
ported by other reports in the medical 
literature. Ritter and Dinh? found 
that the spontaneously hypertensive 
rat. also develops hydrocephalus. 
Graff-Radford and Godersky*® re- 
ported.an increased prevalence of sys- 
temic hypertension in idiopathic nor- 
mal-pressure hydrocephalus. Greitz et 

al? found a high prevalence of hyper- 
tension in ponents with aqueductal 
stenosis.. 

The important juen is the fol- 
lowing: Does hypertension cause hy- 
drocephalus, or does hydrocephalus 
cause hypertension? In the acute set- 
ting, increased intracranial pressure 
from hydrocephalus, acting possibly 


via Cushing’s reflex, may result in hy-- 


pertension, and blood pressure may 
normalize when the CSF is drained.” 


_ The association of CT hydrocephalus 


and admission hypertension shown in 
Figs 2,3, and 7 may be partly explained 
by Cushing’s reflex.” 

Galera and Greitz! reported that a 
group of patients known not to have 
premorbid hypertension became hy- 
pertensive after developing hydro- 
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Fig 5.—~Patients having a history of hypertension prior to subarachnoid hemorrhage (SAH) are 
more likely to develop clinical hydrocephalus, irrespective of age. 
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No Pre-SAH History of Hypertension 


None Clinical 





Pre-SAH History of Hypertension 


52.6 


None Clinical 


Gvdeesannaids 7 
Fig 6.—Patients with hypertension postoperatively were chosen and divided according to pres- 
ence or absence of clinical hydrocephalus and presence or absence of a history of hypertension 
before subarchnoid hemorrhage (SAH). At left, patients without a history of hypertension had an 


approximately three times greater chance of having hypertension if clinical hydrocephalus had - 


developed (P < .001). Even if the patient had a history of hypertensiori, the chances of being hy- 
pertensive during hospitalization were increased with the development of hydrocephalus (at right), 


but this did not reach statistical significance (P = .16). 


cephalus after SAH. Our study con- 
firms this observation (Fig 6). These 
data are supportive of the notion that 
the development of hydrocephalus 


may result in patients developing sys- 


temic hypertension. Furthermore, 
treating hydrocephalus may alleviate 
hypertension, eg, Graff-Radford and 
Godersky* described three patients 
with long-standing hypertension who, 
after successful shunt surgery for nor- 
mal-pressure hydrocephalus, became 
normotensive and no longer needed 
medication. 

This, however, does not exclude the 
possibility that hypertension may 
have a pathogenetic role in hydroceph- 


oo) j> 
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alus. Portnoy et al* showed, in dogs, 
that infusing dopamine and norepi- 
nephrine led to increased systemic 
blood pressure and pulse pressure, 
which, in turn, resulted in an increase 
in CSF pressure and CSF pulse pres- 
sure. Experimentally creating an in- 
creased pulse pressure in the lateral 


ventricles of sheep leads to hydro- 


cephalus.** Other evidence also relates 
the intraventricular pulse pressure to 
hydrocephalus. In experimental and 
clinical hydrocephalus, the intraven- 
tricular pulse pressure increases.” 
Bering and Salibi, in their Classic 


work on dogs, conelyded ' that the. 


mechanism involved i in the ventricular 


t em w 


Pre-SAH Hypertension (P = .0023) 


Y 


IC MC 
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AC VBP Other 


75 
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Fig 7.—On admission, patients with anterior communicating aneurysms are more likely to be hypertensive. Site 
of aneurysm is not significantly related to hypertension postoperatively. SAH indicates subarachnoid hemorrhage; 
IC, internal carotid; MC, middie cerebral; AC, anterior communicating; arid VBP, vertebral, basilar, and posterior. 
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Fig 8.—Data demonstrating that older patients are more likely to need 


a shunt operation. 


e 


enlargement seemed to be a combina- 
tion of at least two factors: “One was 
the possible failure of CSF absorption 
in the face of increased superior sagit- 
tal sinus venous pressure, and. the 
other was the increased intraventricu- 
lar pulse pressure from the choroid 
plexus.” <a l 
In summary, the findings in this 
- study lénd support to the notion that 
hydrocephalus after SAH and sys- 
' temic hypertension are related, inde- 
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Fig 9.—Data demonstrating that the older the patient, the more likely | 


subarachnoid blood is to be seen on a computed tomographic scan. 


pendent of age and site of dneurysm. 
There is some evidence that hydro- 
cephalus may causé hypertension after 
SAH (Fig 6), but it is also possible that 
hypertension may influence the devel- 
opment of hydrocephalus. 

Another interestirig finding in this 
study is that the site of aneurysmal 
bleeding is significantly related to the 
blood pressure measurement on ad- 
mission. Anterior communication and 
posterior circulation aneurysm bleed- 


ing résults in a significantly higher in- 
cidence of hypertension on adniission. 
It is possible that anterior communi- 
cation aneurysm bleeding affects the 
hypothalamus and the sympathetic 
output from the area: Posterior circu- 
lation aneurysm may, directly by he- 
matoma, and indirectly~by CSF ob- 
struction at thé foramina of Luschke 
and Magendie, lead to increased pres- 
sure in the fourth ventricle and the 
medulla. The latter is asite where Hoff 
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and Reis”? have shown that increased 
pressure leads to hypertension 
through Cushing’s response. 

Disturbed CSF circulation is re- 
ported to be an important factor in 
both acute and chronic hydro- 
cephalus. Findings in.this study 
strongly support this contention. In- 
traventricular hemorrhage, but not in- 
tracerebral hemorrhage, is signifi- 
cantly related to CT and clinical hy- 
drocephalus. A diffuse amount of blood 
in the subarachnoid space also signif- 
icantly relates to hydrocephalus, but a 
thin focal layer had no association. 
Bleeding from posterior circulation 
but not middle cerebral aneurysms (in 
keeping with some,’ but in contrast 
with other, reports") is signifi- 
cantly associated with hydrocephalus. 
In summary, diffuse layering of sub- 
arachnoid blood or blood located stra- 
tegically in the CSF pathway, such as 
in the ventricle or near the fourth- 
ventricular outlet, is more likely to re- 
sult in hydrocephalus. 

This study also found a significant 
association between the use of antifi- 
brinolytic drugs preoperatively and 
the development of clinical hydroceph- 
alus. In contrast, CT hydrocephalus on 
admission is less significantly associ- 
ated with antifibrinolytic therapy. 
Some prior studies have also shown 
this association,”*”* while others have 
not.?*”’ In this regard, it is also inter- 
esting that Julow*! reported that fi- 
brinolytic therapy with urokinase sig- 
nificantly reduced chronic subarach- 
noid fibrosis in experimental SAH in 
dogs. 

Focal ischemic deficits were signifi- 
cantly related to clinical hydroceph- 
alus, in keeping with Black’s* study. 

Hyponatremia is significantly asso- 
ciated with hydrocephalus in this 
study. Van Gijn et al? found the same 
and suggested that hyponatremia may 
be from third-ventricle dilation inter- 
fering with hypothalamic function. 
Furthermore, Nelson et al? have re- 

ported that the hyponatremia follow- 
ing SAH is more likely to be from salt 
wasting than from inappropriate an- 
tidiuretic hormone secretion. 

Note that there are factors, such as 
warning bleeds, that may contribute to 
the product of hydrocephalus. We do 
not have sufficient data to address this 
issue. . 

Hydrocephalus was significantly as- 
sociated with decreased level of con- 


sciousness on admission and-poor-out- 
_ _.come.-This finding is in keeping with 


other reports.***” Reasons for these 
phenomena may include the fact that 
hydrocephalus is associated with other 
factors that predict a poor prognosis, 
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ware 


such as age and intraventricular hem- 
orrhage. Further, acute hydrocephalus 
per se causes increased intracranial 
pressure,” which could compromise 
cerebral blood flow and aggravate ce- 
rebral herniation. 

This study raises many important 
therapeutic issues. Should we treat 
patients at high risk of developing hy- 
drocephalus with systemic but not in- 
traventricular steroids, in view of the 
experimental work of Wilkinson et al® 
and Julow“*? The former showed that 
the use of steroids systemically helped 
prevent hydrocephalus, and the latter 
showed that use of steroids intrathe- 
cally delayed, but did not prevent, hy- 
drocephalus. Is there a place for fibrin- 
olytic therapy with substances such as 
urokinase‘! or tissue plasminogen ac- 
tivator in patients who are developing 
hydrocephalus and who have had their 
aneurysms successfully clipped? 
Should one avoid antifibrinolytic ther- 
apy in those at high risk of developing 
hydrocephalus? Does washing the 
blood from the subarachnoid space 
(especially at the basal cisterns) at the 
time of the operation help prevent the 
development of hydrocephalus? 

In conclusion, this study shows that 
the development of acute CT and clin- 
ical hydrocephalus is multifactorial. 
Factors that compromise CSF circula- 
tion acutely (eg, intraventricular hem- 
orrhage, hemorrhage from a posterior 
circulation site of aneurysm, and a 
diffuse spread_of-subarachnoid blood) 
contribute to the development of acute 
hydrocephalus. These same factors, 
plus the use of antifibrinolytic drugs 
preoperatively, are also important in 
the pathogenesis of clinical hydro- 
cephalus, perhaps by promoting sub- 
arachnoid fibrosis. Older patients, 
those with preexisting hypertension, 
hypertension on admission, and hyper- 
tension during hospitalization, and 
those who develop focal ischemic def- 
icits or have hyponatremia are all 
more likely to have acute and clinical 
hydrocephalus. Patients with hydro- 
cephalus following SAH have a worse 
prognosis. 
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Neurological Outcome After 
Out-of-Hospital Cardiac Arrest 


Prediction by Cerebrospinal Fluid Enzyme Analysis 


Risto O. Roine, MD; Hannu Somer, MD; Markku Kaste, MD; 
Lasse Viinikka, MD; Sirkka-Liisa Karonen, PhD 


@ The prognostic value of cerebrospinal 
fluid (CSF) and serum neuron-specific eno- 
lase and Obrain-type creatine kinase 
isozyme (CK-BB) measurements was 
studied in 75 consecutive victims of out- 
of-hospital cardiac arrest. All patients with 
a CSF neuron-specific enolase level of 
more than 24 ng/mL 24 hours after car- 
diac arrest remained unconscious and 
died. The CSF CK-BB level was as reliable 
as an index of brain Injury.,Cerebrospinal 
fluid neuron-specific enolase, CSF CK-BB 
and serum neuron-specific enolase levels 
correlated with the neurological outcome 
at 3 months. Thus, the analysis of these 
enzymes in CSF seems to be useful in the 
early prognostic assessment of cardiac 
arrest victims. 

(Arch Neurol. 1989; 46:753-756) 


T he outcome of prehospital cardiac 
arrest depends on the neurological 
condition of the patient after restora- 
tion of spontaneous circulation.' Prog- 
nostic assessment of brain injury after 
cardiopulmonary resuscitation is es- 
sential for proper selection of patients 
to intensive care with limited re- 
sources. Current laboratory and clini- 
cal methods are unreliable in the quan- 
titative evaluation of the brain injury 
after cardiac arrest, especially during 
the first 24 hours. Recent advances in 
experimental cerebral protection have 
led to therapeutic trials.*’ Thus, prac- 
tical and reliable indicators of global 
ischemic brain injury are needed. 
Brain-type creatinine kinase iso- 
zyme (CK-BB) is known to be a marker 
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of brain damage, but its measurement 
has not achieved widespread clinical 
use. Creatine kinase-BB, which is 
present both in neurons and in astro- 
cytes, represents up to 95% of the to- 
tal creatine kinase (CK) activity in the 
brain. The remaining activity arises 
from mitochondrial CK.** 

Enolase, as well as CK, is structur- 
ally a dimer, composed of alpha and 
gamma, subunits. The gamma enolase, 
known also as neuron-specific enolase 
(NSE), is found predominantly in neu- 
rons and some neuroectodermal cells.’ 
Neuron-specific enolase is used as a 
tumor marker in small-cell lung can- 
cer and neuroblastoma.’ Elevated lev- 
els of cerebrospinal fluid (CSF) NSE 
have been detected in a number of 
neurological disorders, most of cere- 
brovascular origin.° 

Cardiac arrest produces a period of 
global cerebral ischemia that causes 
the release of cellular enzymes into 
CSF that is proportional to the extent 
of brain injury. We have conducted 
a preliminary study to assess the value 
of both NSE and CK-BB levels in the 
CSF and serum in predicting prognosis 
after cardiac arrest. 


PATIENTS AND METHODS 


We studied 75 consecutive patients who 
were resuscitated from out-of-hospital ven- 
tricular fibrillation by the Mobile Intensive 
Care Unit of Helsinki (Finland) and who 
survived for at least 24 hours. The median 
age (+SE) of the patients was 68.5 + 1.3 


. years (mean, 66.1 years; range, 38 to 87 
years). Basic life support was instituted - 


within 10 minutes and advanced life sup- 
port was instituted within 20 minutes after 
cardiac arrest in all patients. The mean du- 
ration of the circulatory arrest was 
5.2 + 0.8 minutes (range, 1 to 10 minutes) 
and the mean duration of cardiopulmonary 
resuscitation was 15.2 + 0.8 minutes 
(range, 1 to 25 minutes). All patients were 
treated according to a standard protocol in 
the Intensive Care Unit of the Meilahti 


Hospital of Helsinki University for at least 
24 hours. Control CSF samples were col- 
lected from 31 subjects (15 for NSE and 16 
for CK-BB analysis) who were undergoing 
routine diagnostic lumbar puncture in the 
neurological outpatient clinic and who had 
no organic neurological disorders. 


Clinical Assessment 


A standard neurological examination, in- 
cluding the Glasgow Coma Scale," was ear- 
ried out in all patients by the same neurol- 
ogist (R.O.R.) at 1 hour, 24 hours, and 1 
week after the cardiac arrest. The recovery 
of consciousness was defined as the ability 
to follow verbal commands. All patients 
who recovered consciousness constituted 
group 1 (N = 49) and those who remained 
unconscious constituted group 2 (N = 26). 
All patients were followed up for 3 months 
or until death. The 3-month outcome was 
classified according to the Glasgow Out- 
come Scale.” 


Enzyme Analyses 


Cerebrospinal fluid was obtained by lum- 
bar puncture approximately 24 hours 
(range, 20 to 26 hours) after cardiac arrest 
in 68 patients. Lumbar puncture was un- 
successful (contaminated with blood) or 
contraindicated in seven patients. The CSF 
level of NSE was determined in 59 patients 
and the level of CK-BB was determined in 
67 patients. A serum sample was also ob- 
tained 24 hours after cardiac arrest. The 
serum level of NSE was determined in 65 
patients and the level of CK-BB was deter- 
mined in 71 patients. The first 4 mL of the 
CSF was used for routine analyses. The 
subsequent 8 mL was placed in separate 
plastic tubes, stored immediately at —70°C, 
and analyzed in duplicate within 2 months 
from sample collection. Control samples 
were handled in a similar way. Test results 
were not available to the clinician during 
the short-term care of the patients. 

The CK-BB was measured by radioim- 
munoassay (RIA) using a kit that has a 
sensitivity of 1 ng/mL for B subunits (IRE, 
Institut National des Radioelements, Fleu- 
rus, Belgium). The upper reference limit in 
the serum is 10 ng/mL. The RIA measure- 
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ment is known to be affected by the pres- 
ence of the heart-type creatine kinase 
isozyme CK-MB that has a cross-reactivity 
of up to 40% with CK-BB." For clinical 
purposes, the total serum CK activity 
(normal, <270 U/L) was measured spec- 
trophotometrically, and the serum CK-MB 
activity (normal, <14 U/L) was determined 
by electrophoresis. 

Gamma subunits of NSE were measured 
by RIA (NSE 50 RIA-kit, Pharmacia 
Health Care AB, Uppsala, Sweden). This 
method has a sensitivity of less than 2 ng/ 
mL of y-enolase and a reference range of 12 
ng/mL or less in the serum. Neuron-specific 
enolase has no measurable cross-reactivity 
with alpha enolase, although it cross-reacts 
with alpha-gamma hybrid enolase present 
in the serum. 


Statistical Analyses 


The enzyme levels in different outcome 
categories were compared using the 
Wilcoxon Rank Sum (Mann-Whitney U) 
Test. Spearman rank correlation coeffi- 
cients for the enzyme levels and outcome 
categories were calculated. Sensitivity, 
specificity, and positive and negative pre- 
dictive values of each enzyme test were cal- 
culated from 2 X 2 tables with cut-off points 
determined post hoe. The level of statistical 
significance in 2 X 2 tables was assessed by 
the x’ test with Yates’ correction or Fisher’s 
Exact Test. Means, SEMs, and 95% confi- 
dence intervals of the mean are given for 
figures used in statistical comparisons. 


RESULTS 
CSF 


The results of CSF enzyme measure- 
ments are summarized in Table 1. Pa- 
tients who remained unconscious 
(group 2) had a mean CSF NSE level 
that was about 10 times higher than in 
patients who recovered consciousness 
(group 1; P < .001; Fig 1). The levels of 
both NSE and CK-BB also differed 
from controls in groups 1 and 2 
(P < .001). All patients with CSF NSE 
_ concentrations higher than 24 ng/mL 
remained unconscious and died. When 
this level is taken as a cut-off value, the 
-` test had a sensitivity of 74%, specific- 
ity and positive predictive value of 
100%, and negative predictive value of 
' 89% in detecting patients who did not 
recover (P < .001). Most of the patients 
who never recovered consciousness 
(group 2) had a CSF CK-BB concen- 
tration more than 10 times higher than 
those in group 1 (P < .001; Table 1 and 
Fig 2). With an arbitrary cut-off value 
of 17 ng/mL, the CK-BB measurement 
had a sensitivity of 52%, specificity of 
98%, positive predictive value of 98%, 
and negative predictive value of TT% in 
detecting patients who never regained 
consciousness (P < .001). 


Serum 


Serum levels of NSE and CK-BB in 
groups 1 and 2 are summarized in Ta- 
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10.7 + 0.7 (n = 40) 
99.7 + 39.7{n = 19) 
6.4 + 0.5 (n = 15) 
100 (24) 

89 (24) 


Group 2 (n = 26) 
Controls (n = 31) 
PPV, t% (ng/mL) 
NPV,+ % (ng/mL) 





Table 1.—Cerebrospinal Fluid Levels of NSE and CK-3B in Group 1 and Group 2 
Patients and in Controis* . 


NSE, ng/mL 95% Cl CK-BB, ng/ml. 95% Cl 


Group 1 (n = 49) 


9.3-12.1 
21.9-177.5 
5.5-7.4 








4.5-9.1 
49.0-144.6 
0.5-1.0 


5.7 + 1.2 (n = 42) 

93.8 + 24.4(n = 25) 

0.7 + 0.1 (n = 16) 
93 (17) 









*Group t patients are those who regained consciousness after cardiac arrest; and group 2 patients, those 
remaining unconscious. Values given are means + SEMs and 95% confidence intervals (Ci). NSE indicates 
neuron-specific enolase; CK-BB, brain-type creatine kinase isozyme. 

+PPV indicates the positive predictive value of the test result exceeding the enzyme level that is in parenthe- 


Ses. 


NPV indicates the negative predictive value of the test result lowar than the enzyme level that is in paren- 


theses. 
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Controis 


Fig 1.—Cerebrospinal fluid (CSF) neuron-specific enolase (NSE) levels in controls (N = 15), in 
patients regaining consciousness after cardiac arrest (group 1, N = 40), and in those remaining 
unconscious (group 2, N = 19). Open circles indicate ccntrols; divided circles, survived; closed 
circles, died; dashed line, cut-off limit (see text); and shadec area, the normal range of CSF NSE > 


lave}. 


ble 2. In group 2, the serum level of 
NSE was significantly higher than in 
group 1 (P < .001). If an arbitrary cut- 
off value of 17 ng/mL is chosen for se- 
rum NSE, the test has a sensitivity of 
40%, a specificity of 98%, a positive 
predictive value of 89%, and a negative 
predictive value of 79% in detecting 
patients who do not recover conscious- 
ness.(P < .001). Although there was a 
slight difference (P < .05) in the serum 
levels of CK-BB between groups 1 and 
2, the overlap was substantial, no cut- 
off value could be established, and the 
predictive indexes were not calculated. 

The serum CK-MB levels measured 
by electrophoresis and total serum CK 
levels measured spectrophotometri- 
cally were similar (P = .73 and P = .48, 
respectively) in groups 1 and 2 as 
depicted in Table 3. Twenty-three 
(47% ) of 49 patients in group 1 and 20 


(68%) of 32 patients in group 2 were 
diagnosed as having acute myocardial 


. infarction (P = .18). 


The NSE and CK-BB levels corre- 
lated well with each other in the CSF 
(r = .84). The CSF NSE concentration 
also correlated with the serum NSE 
level (r = .42; Table 4.). On the con- 
trary, the serum CK~BB level did not 
correlate at all with the CK-BB levelin 
the CSF (r = .08). 


Correlations Between Enzyme Level and 
Neurological Outcome 


Tne patients included in the study 
were divided into two groups based on 
the recovery of consciousness. Patients 
in group 1 (N =49) recovered con- 
scicusness, but 11 (22%) of them died 
within 3 months. Of the remaining 38 
patients, 28 (74%) demonstrated good 
recovery at 3 months, 6 (16%) demon- 
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Fig 2.—Cerebrospinal fluid (CSF) brain-type creatine kinase isozyme (CK-BB) levels in controls 
(N = 16), in patients regaining consciousness after cardiac arrest (group 1, N = 42), and those 
remaining unconscious (group 2,N = 25). Open circles indicate controls; divided circles, survived; 
closed circles, died; dashed line, cut-off limit (see text); and shaded area, the normal range of CSF 
CK-BB level. 










Table 2.— Serum Levels of NSE and CK-BB in Group 1 and Group 2 Patients _ 


NSE, ng/mL 95% CI CK-BB, ng/mL . 95% Cl 


Group 1 (n = 49) 


13.6-27.4 
23.0-55.2 


8.9 £ 0.6(n = 45) 7.7-10.0 20.5 + 3.5(n = 46) 
Group 2 (n = 26) 16.6 + 2.2(n = 20) 12.3-20.9 39.1 + 8.2(n = 25) 
Normalt <12 <10 













NPV,§ % (ng/mL) 79 (17) 


* Ġroup 1 patients are those who regained consciousness after cardiac arrest; and group 2 patients, those 
remaining unconscious. Values given are means t SEMs and 95% confidence Intervals (Ci). NSE indicates 
neuron-specific enolase; CK-BB, brain-type creatine kinase isozyme. 

tNormal indicates the reference (normal) serum values of the laboratory. 

+PPV indicates the positive predictive value of the test result exceeding the enzyme level in parentheses. 

§NPV indicates the negative predictive value of the test result lower than the enzyme level in parentheses, 





Table 3.—Serum Levels of Total CK and CK-MB in Group 1 and Group 2 Patients 
Regaining Consciousness After Cardiac Arrest (Group 1) and in Those Remaining 
Unconscious (Group 2)* 


CK, u/L 95% Cl CK-MB, u/L 95% Cl 


1134-2104 73.4 + 13.0 47 .9-98.9 


Group 1 1687 + 231 
Group 2 1912 + 360 1206-2618 83.3 + 29.7 25.1-141.5 
All 1714 + 199 1324-2104 77.3 + 13.9 §0.0-104.5 
* Group 1 patients are those who regained consciousness after cardiac arrest; and group 2 patients, those 
who remained unconscious. Values given are means + SEMs and 95% confidence intervals (Cl). CK indicates 
total creatine kinase activity; CK-MB, heart-type CK isozyme. f 


hospital admission, at 24 hours, and at 
7 days (Table 5), whereas the serum 


strated moderate recovery, and4(10%) 
demonstrated poor recovery according 












to the Glasgow Outcome Scale. In 
group 2, all 26 patients remained un- 
conscious and died within 3 months. 
Cerebrospinal fluid NSE and CSF 
CK-BB levels both correlated well with 
the clinical condition as assessed by 
the Glasgow Coma Scale at the time of 
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CK-BB level did not. The serum level of 
NSE significantly correlated with the 
Glasgow Coma Scale score at the time 
of hospital admission and at 1 week but 
not at 24 hours after cardiac arrest. 
When the clinical outcome was evalu- 
ated 3 months later using the Glasgow 


Table 4.—Correlation of Serum (S) 
and Cerebrospinal Fluid (CSF) 
Enzyme Levels: Spearman Rank 
Correlations. * 


Test CSF-CK-BB S-NSE S-CK-BB 


CSF-NSE 84t at OT 

CSF-CK-BB ANS AGT .08 
fa 48t 

*CK-BB indicates brain-type creatine kinase 


isozyme; NSE, neuron-specific enolase. 
tP < .001. 


Outcome Scale, the levels of NSE and 
CK-BB in the CSF showed a good cor- 
relation with this score. High serum 
NSE levels were also associated with a 
low 3-month outcome score, whereas 
serum CK-BB levels had no correlation 
with the outcome. 


COMMENT 


The high capacity of both the NSE 
and CK-BB levels in CSF to predict the 
neurological outcome after cardiac ar- 
rest was the main finding in this study. 
For both tests, a cut-off value could be 
determined post hoe that yielded a 
specificity of nearly 100% and a sensi- 
tivity of 74% and 52%, respectively, in 
detecting patients who ultimately re- 
mained unconscious and died. These 
tests also correlated well with the 
Glasgow Coma Score during the first 
week as well as with the functional 
Glasgow Outcome Score 3 months 
later. 

Very high CK-BB activities have 
been reported in the CSF after global 
ischemic brain injury, and the size 
of the cerebral infarction has been 
shown to correlate well with the CSF 
level of CK-BB in both experimental 
and clinical studies.'*!”? The CSF level 
of CK-BB correlates with the outcome 
in stroke” and in traumatic brain 
injury.” Under normal conditions, the 
CSF CK activity is, however, very low 
and the enzyme may undergo rapid in- 
activation in vitro.” 

Previous studies have shown that 
the appearance of CK-BB in the serum 
is associated with poor prognosis in . 
other types of brain injury. In the 
present study, serum CK-BB levels did 
not correlate with CK-BB levels in CSF 
with the clinical] condition or with the 
outcome of the patient. At least two 
explanations can be offered for the 
discrepancy. First, the peak serum CK- 
BB activity appears very early after 
the arrest and disappears rapidly.” 
Second, the RIA technique, which 
measures the B subunit, cross-reacts 
with the CK-MB in the serum. The to- 
tal serum CK and CK-MB values of the 
patients in the present study were very 
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Table 5.—Correlation of Serum (S) and Cerebrospinal Fluid (CSF) Enzyme Levels and 
Glasgow Coma Scores (GCS) After Cardiac Arrest and Glasgow Outcome Score: 
_ Spearman Rank Correlations 


GCS After Cardiac Arrest 
terete, 
atid 


CSF-CK-BB —.66+ — T5} =.76T = OT 
S-NSE =at -24 Sore —.40ł4 
S-CK-BB et =20 —.04 —.22 











at7d GCS Outcome at 3 mo 


=61T 









* NSE indicates neuron-specific enolase; CK-BB, brain-type creatine kinase isozyme. 


tP < .001. 
#P< .01. 


high 24 hours after cardiac arrest and 
resuscitation, and 23 (47%) of 49 pa- 
tients in group 1 and 20 (63%) of 32 
patients in group 2 were diagnosed as 
having. acute myocardial infarction. 
Consequently, the B subunits in the 
serum seem to originate mainly from 
the heart, and the simultaneous as- 
sessment of brain injury is not possible 
by the measurement of CK-BB by RIA 
because of the cross-reactivity. The 
value of serum CK-BB measurements 
in outcome prediction has also been 
questioned by others." 

Theoretically, NSE is an ideal indi- 
cator of neuronal damage, since it is 
present only in low concentrations out- 
side the nervous system, and its mea- 
surement does not seem to be dis- 
turbed by the problems discussed 
above. ** The coincidental occurrence 
of other conditions with elevated se- 
rum NSE levels, such as small-cell 
lung carcinoma or neuroblastoma, is 
rare enough not to interfere with prog- 
nostic assessment after cardiac arrest. 
Increased serum and CSF NSE levels 
have been reported in stroke” and in 
some cases of coma” but, to our knowl- 
edge, their predictive value has not 
NEAT) -Orevio gled Ao DAaLler 





a routinely available substitute for 
CSF measurements. 

In conclusion, this study suggests 
that the recovery of consciousness and 
survival of cardiac arrest victims can 
be predicted reliably by the measure- 
ment of NSE or CK-BBin CSF 24 hours 
after resuscitation. Although the sen- 
sitivity of serum NSE was lower, high 
serum NSE levels were associated with 
poor prognosis. Further studies are 
needed to assess the usefulness of se- 
rum NSE in routine evaluation of an- 
oxic brain injury after cardiac arrest. 


This study was supported by Bayer AG, Wup- 
pertah, West Germany, the Clinical Laboratory 
Medix, Kauniainen, Finland, and the Paavo 
Nurmi Foundation, Helsinki, Finland. 
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symptoms and treatment of 
this American epidemic. 
From drug use to sexual abuse, all 


the facts about family violence —and 
what you as a physician, mental health 


- professional or administrator need 


to know —will be addressed at the 
AMA’s comprehensive Conference on 


- the Prevention of Family Violence and 


Victimization. This multi-disciplinary 
conference, emphasizing current 
research, policies and practices 


involved in the diagnosis and treat- 
ment of family violence, includes: 
workshop topics on: The cycle of 
abuse; spouse, elder and:child abuse; 
the relationship of drugs and alcohol 
to family violence; and legal and 
policy issues. : 


October 5-7, 1989 


The Chicago Hilton & Towers, Chicago. - | 
To receive your free information packet 


and registration materials, call the 
AMA toll-free at 1-800-621-8335. 


CME credits are available. 
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HLA in Autonomic Failure 


Linda E. Nee, MSW; Robert T. Brown, MD; Ronald J. Polinsky, MD 


è We did not find a significant associa- 
tion between HLA antigens and pure auto- 
nomic failure or multiple system atrophy 
with autonomic failure. HLA-A32, specifi- 
cally, did not occur with increased fre- 
quency in either. group of patients. Our re- 
sults do not support an HLA contribution in 
these disorders of the autonomic nervous 
system as reported by other investigators. 

(Arch Neurol. 1989;46:758-759) 


Autonomic failure is most frequently 


associated with a variety of sys- 
temic illnesses that affect sympathetic 
and parasympathetic nervous system 
function. Pure autonomie failure 
(PAF), however, is a syndrome of 
chronic autonomie dysfunction occur- 
ring in the absence of peripheral neu- 
ropathy or other neurologic signs. No 
inheritance pattern or cause for PAF 
has been identified. Multiple system 
atrophy (MSA), a form of primary 
neuronal degeneration, encompasses 
the overlapping clinical syndromes of 
olivopontocerebellar atrophy and stri- 
atonigral degeneration. Some patients 
with MSA also develop autonomic fail- 
ure that clinically resembles PAF, but 
biochemical and neuropharmacologic 
investigations have distinguished the 
two disorders. Sympathetic. dysfunc- 
tion in PAF primarily involves the 
postganglionic neurons, whereas in 
MSA the peripheral portions of the 
autonomic nervous system remain rel- 
atively intact but are not activated 
appropriately.’ Although there are a 
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number of inherited forms of olivo- 
pontocerebellar atrophy,’ only rare fa- 
milial cases of MSA have been 
reported.? 

The increased frequency of inher- 
ited markers such as HLA has pro- 
vided evidence for a genetic component 
in a number of diseases.’ Of particular 
relevance, there is an HLA association 
with diabetes mellitus,’ the most com- 
mon cause of autonomic dysfunction. 
In 1983, Bannister et alf reported a 
significant association between HLA- 
Aw82 and autonomic failure. In the 
present study, we examined HLA pat- 
terns in 30 patients with MSA or PAF. 


PATIENTS AND METHODS 


The study population consisted of 30 pa- 
tients admitted to the National Institute of 
Neurological Disorders and Stroke, Na- 
tional Institutes of Health, Bethesda, Md, 
for evaluation and treatment of orthostatic 
hypotension. Ten women and 2 men had 
PAF, and 8 women and 10 men had MSA. 
The diagnosis of PAF or MSA was made as 
described previously.’ All consecutive ad- 
missions from January 1986 through Feb- 
ruary 1988 were included in the study. Pa- 
tients who had been admitted prior to Jan- 
uary 1986 participated through random 
selection, subject to availability. Extensive 
background information and detailed pedi- 
gree structure were derived from personal 
interviews, collateral documentation, tele- 
phone contact with family members, and 
questionnaires sent to first- and second-de- 
gree relatives. Any apparently relevant 
medical or neurologic conditions were de- 
fined through medical records whenever 
possible. 

Tissue typing was carried out by the Na- 
tional Institutes of Health, Department of 
Transfusion Medicine, using National In- 
stitutes of Health and Amos-modified mi- 
crocytotoxicity techniques.’ Two monospe- 
cific or multispecific antisera for HLA-A32 
were present at all times for antigen iden- 
tification. The antisera for 29, 30, 31, and 33, 


the other splits from mother antigen 19, 
were also present. The antigens tested re- 
flect nomenclature of the Ninth Interna- 
tional Histocompatibility Workshop.? 


RESULTS 


The 30 nonrelated patients (18 
women, 12 men) were from 17 states 
and Colombia, South America (1 fe- 
male patient with MSA). The pedi- 
grees ranged in size from three to six 
generations and contained identifying 
information on 888 individuals. There 
did not appear to be any clearly de- 
fined pattern of inheritance for any 
neurologic or cardiovascular disor- 
ders. 

None of the antigens tested was 
present in increased frequency in pa- 
tients with PAF or MSA compared 
with the general population. Specifi- 
cally, only one patient (female, PAF) 
was found to exhibit HLA-A32 (Table). 
This individual represents only 3.3% 
of the total study population and 8.3% 
of the PAF group. None of the patients 
with MSA had HLA-A82. 


COMMENT 


Our inability to confirm in a larger 
series of patients the previously re- 
ported association between HLA- 
Aw32 and autonomic failure® raises 
doubts about the significance of a ge- 
netic-immune contribution in these 
disorders. The hypothesis by Bannis- 
ter et alf that PAF and MSA might re- 
sult fram a common inherited defect, 
perhaps related to catecholamines, 
needs further exploration. Recent ad- 
vanees in the field of recombinant 
DNA technology have facilitated de- 
velopment of genetic markers and pre- 
cise chromosomal localization. Of par- 
ticular relevance to the suggestion by 
Bannister and colleagues is the identi- 
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HLA-A82 in Patients With 
Autonomic Failure * 


HLA-A32 
Positive 


No. of 
Patients 


Total 
Bennister et al 


1 (3.3%) 
9 (56%) 
* NINDS indicates National institute of Neurological 


Disorders and Stroke; MSA, multiple system atrophy; 
and PAF, pure autonomic failure. 





fication of the gene for tyrosine hy- 
droxylase, the rate-limiting step in 
catecholamine synthesis. It has been 
assigned to chromosome 11, rather 
than to chromosome 6, which contains 
the HLA determinants. | 

There may be a number of factors 
that contribute to the discrepancy be- 
tween our results and those reported 
by Bannister and colleagues. The dra- 
matic difference in HLA-A382 fre- 
quency observed in our studies high- 
lights the need for studying large num- 
bers of patients. Specificity of the sera 
used for identification in the 1983 
study of Bannister and coworkers was 
not reported. Reagents available at the 
time of their study may have reacted 
with antigens other than A32. The 
workshop status of A32 was only re- 
cently dropped at the Ninth Interna- 
tional Histocompatibility Workshop 
of West Germany and Austria in 1984.° 
The frequency of antigens varies 





-morphism is greater than with any 


other recognized human genetic 
system.‘ In addition, it is important to 
realize that the terminology and clas- 
sificaticn of autonomic failure syn- 
dromes have changed in recent years. 
The term progressive autonomic fail- 
ure was used earlier to refer to pa- 
tients with PAF as well as to patients 
with MSA attended by autonomic 
failure.'- The study by Bannister et alé 
included patients with both disorders. 
In keeping with the nosology at that 
time, Bannister and colleagues chose 
to analyze PAF and MSA together as 
progressive autonomic failure. Hence, 
it is not possible to determine whether 
their observed increase in HLA-A82 
frequency was associated with PAF or 
MSA. For that reason, statistical com- 
parison with our data is limited to an 
overall analysis of HLA frequency. 
However, we did not find an increase in 
either disorder. Since PAF and MSA 
appear to be distinct disorders, with 
different courses and prognoses, there 
might be little reason to suspect a 
common origin. There were no okvious 
clinical differences in the patients with 
autonomic failure who were studied at 
our respective centers.” It is likely that 
the British patient population may be 
more homogeneous from a genetic 
standpoint relative to the diverse eth- 
nic background of the predominantly 
US patient population in our study. 
Hence, the healthy European controls 
may not have been the appropriate 
comparison group for Bannister et al.® 
It is of interest that their HLA-A w32 
frequency for “other degenerative 
neurological diseases” also appears 
high. Future genetic studies will be re- 
quired to determine whether HLA 


. 4 


The authors thank Toni Simonis, Department 


_of Transfusion Medicine, Nationa] Institutes of 


Health, Bethesda, Md, for her valuable assistance. 
References 


l. Polinsky- RJ. Neurotransmitter and neu- 
ropeptide function in autonomic failure. In: Ban- 
nister R, ed. Autonomic Failure. New York, NY: 
Oxford University Press Ine; 1988:321-347. - 

2. Oppenheimer DR. Diseases of the basal gan- 
glia, cerebellum and motor neurons. In: Hume 
Adams J, Corellis JAN, Duchen LW, eds. 
Greenfield's Neuropathology. 4th ed. New York, 
NY: John Wiley & Sons Inc; 1984:715-718. 

3. Lewis P. Familial orthostatic hypotension. 
Brain. 1964;87:719-728. 

4. Harris R. The HLA system. In: Emery AEH, 
Rimoin DL, eds. Principles and Practice of Med- 
ical Genetics. New York, NY: Churchill Living- 
stone Inc; 1988:1127-1138. 

5. Svejgaard A, Platz P, Ryder LP. Insulin de- 
pendent diabetes mellitus: joint results of the 
Eighth Workshop Study, In: Terasaki PI, ed. His- 
tocompatibility 1980. Los Angeles, Calif: UCLA 
Tissue Typing Laboratory; 1981:638-656. 

6. Bannister R, Mowbray J, Sidgwick A. Ge- 
netic control of progressive autonomic failure: 
evidence for an association with an HLA antigen. 
Lancet. 1983;1:1017. 

7. Polinsky RJ, Kopin IJ, Ebert MH, Weise V. 
Pharmacologic distinction of different orthostatic 
hypotension syndromes. Neurology. 1981;31:1-7. 

8. Sullivan KA, Amos DB. The HLA system and 
its detection. In: Rose NR, Friedman H, Fahey JL, 
eds. Manual of Clinical Laboratory Immunology. 
Washington, DC: American Society for Microbi- 
ology; 1986:843-844. 

9. Ninth International Histocompatibility 
Workshop, West Germany and Austria. In: Albert 
ED, Baur MP, Mayr WR, eds. Histocompatibility 
Testing 1984. New York, NY: Springer-Verlag NY 
Ine; 1984:128. 

10. Mallet J, Blanot F, Boni C, et al. A molecu- 
lar genetie approach to the study of catechola- 
mines. Biochem Sec Trans. 1987;15:126-128. 

11. Polinsky RJ. Multiple system atrophy: clin- 
ical aspects, pathophysiology, and treatment. In: 
Jankovic J, ed. Neurologic Clinics. Philadelphia, 
Pa: WB Saunders Co; 1984:487-498. 

12. Bannister R, Mathias C, Polinsky R. Clini- 
cal features of autonomie failure: a comparison 
between UK and US experience. In: Bannister R, 


ba PT a 


present 





CORLL 


August 9-10-11, 1989 


THE CLEVELAND CLINIC FOUNDATION 


Department of PARS 


and 


MIDAS REX® INSTITUTE 


“Modern Dissection Techniques Of 
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A Neurosurgical Symposium/Hands-On Workshop 
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(Plastic, ENT, Craniofacial and Maxillofacial 
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Course Directors: 
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SYMPOSIUM FORMAT 


WORKSHOPS: The Midas Rex Hands-On Workshops will be 
held each day from 7:30 am to 1:30 pm. The workshop will em- 
phasize a series of hands-on exercises, utilizing appropriate 
animal bones, skeletal bones, bioplastics and biometals for 
dissection in the cranium and spine. Methylmethacrylate and 
biometals, as they are related to neurosurgery will also be 
considered. Guest lecturers will present clinical aspects of 
spinal and cranial procedures and video tapes of clinical pro- 
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(with letter from Department Head); All Operating Room Per- 


- sonnel (RN/ORT/PA/Other) $250.00. Make check to “Cleveland 
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separate rooms. 
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The University of Goaneaicit School 
of Medicine is seeking a Chairman of 
the Department of Neurology. The 
Chairman will be the Chief of the Clin- 
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ical Services at both the University . 


Hospital and the Hartford Hospital and 
will be the Director of the Residency 
Training Program. 


Applicants should direct a letter and a 
curriculum vitae to Richard H. Simon, 
M.D., Chairman, Search Commit- 
tee, Division of Neurosurgery, 
Room L-1092 
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Fellowship : 


position available beginning July 1, 


1989 at the University of Miami 
School of Medicine for a neurology 
Fellow interested in the investiga- 
tion of the neurological complica- 
tions of HIV and other viral illnesses. 


_ The position is available for 1 or 2 


years. Clinical responsibilities would 
include examination of asymptom- 


atic and neurologically symptomatic . 


HiV-seropositive individuals and 
controls for an ongoing prospective 
study. Bench research in a virology 
laboratory would be incorporated 
into the fellowship program and tai- 
lored to the individual’s = 


_ Contact: 


Joseph R. Berger, M.D. 
Department of Neurology 
University of Miami School of 

| Medicine 
1501 Northwest 9th Avenue 
Miami, Florida, 33136 
(305) 547-6249 


Neurosurgeons; 2,050 OR Personnel) 


Fellowship in 
Movement Disorders 


A fellowship in Movement Disorders 
in the Department of Neurology, 
Henry Ford Hospital is available for 
1-2 years beginning in July, 1989 or 
thereafter. All movement disorders 
are seen, with a major interest in 
Parkinson's disease. Research inter- 


esis include NMR spectroscopy, 


clinical and basic neuropharmacol- 
ogy, cognitive-motoric functional 
studies and neuroepidemiology. - 
This is an excellent opportunity to 
receive intensive clinical training 
and to be actively involved in these 
research areas. 


Call or write Jay M. Gorell, M.D., 
Department of Neurology, . Henry 
Ford Hospital, 2799 West Grand 
Boulevard, Detroit, Michigan 48202 
[ (313)-876-7323]. 
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Neurologic Eye Signs Following 
Motorcycle Accidents 


James R. Keane, MD 


è A review of 96 consecutive patients 
who suffered neuro-ophthaimologic inju- 
ries in motorcycle accidents revealed a 
wide range of findings. These findings 
were similar to signs associated with other 
forms of closed-head trauma, aside from a 
higher incidence of trochliear nerve pal- 
sies. 

{Arch Neurol. 1989;46:76 1-762) 


he motorcycle is an inherently un- 

safe vehicle with considerable ap- 
peal to risk-takers, particularly males 
between the ages of 15 and 19.' In the 
United States in 1985, 4423 motorcy- 
clists were killed in accidents.? The 
motorcycle mileage death rate is about 
six times that of the automobile’; for 
every death, 90 injured seek medical 
attention.? One fourth of the motorcy- 
cle accident victims are intoxicated, 
and drunken cyclists are 50% more of- 
ten at fault, one third as likely to be 
wearing a helmet, twice as likely to 
have head injuries, and four times as 
likely to die.‘ 

Motorcycle helmets clearly reduce 
deaths and disability, and, in 1975, 47 
states required helmets. Pressure 
from Congress in 1976 prompted re- 
peal or weakening of the helmet laws 
in 26 states (including California), and 
this was followed by a 44% national 
increase in motorcycle fatalities be- 
tween 1976 and 1979.2 Cost per injured 
motorcyclist in a major trauma center 
averages nearly $26000, 63.4% of 
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which is paid by public funds.? 

Most accidents produce sudder. for- 
ward deceleration, launching riders 
and causing them to strike their head 
and upper chest, often fracturing their 
leg and wrist en route. Head injuries, 
occurring in 381% of motorcycle 
accidents,’ comprise 3.6% of all head 
injuries, but 8.38% of serious head 
injuries.® 

Neuro-ophthalmic complications of 
motorcycle accidents are rarely con- 
sidered in isolation, but one survey of 
260 motorcycle-related injuries re- 
corded sixth- and seventh-nerve pal- 
sies in three patients each.’ In all types 
of civilian head trauma, the optic nerve 
is involved in about 3% of patients end 
eye movements are impaired in per- 
haps 4%.’ Traumatic third- and sixth- 
nerve palsies are diagnosed twice as 
often as fourth-nerve injury, but 
trauma is two to three times moere 
likely to be the cause of a trochlear 
nerve palsy.’ 

The association of our large city 
hospital (Los Angeles County/Univer- 
sity of Southern California Medical 
Center, Los Angeles) with a rehabili- 
tation hospital (Rancho Los Amigos 
Medical Center, Downey, Calif) having 
an active head trauma unit, affords an 
opportunity to follow patients as they 
recover from intracranial injuries and 
facilitates diagnosis of their neuro- 
ophthalmologic signs. The following 
study reviews such findings in motor- 
cycle accident survivors. 


PATIENTS 


One hundred one consecutive inpatients, 
personally examined at the Los Angeles 
County/University of Southern California 
Medical Center or the Rancho Los Amigos 


Medical Center following motorcycle and 
moped accidents during an 18-year period, 
were reviewed. Ninety-six of these patients 
showed clearcut neuro-ophthalmological 
signs and were enrolled in the study. Diag- 
noses were made on the basis of the best 
clinical fit, aided by radiographic and sur- 
gical findings. Personal notes and photo- 
graphs were used in the analysis of their 
signs. 


RESULTS 


There were 94 motorcycle and 2 
moped accident. victims. (Motorcycle 


Neuro-ophihalmological Injuries in 
Motorcycle Accidents (96 Cases) 


~ No.of 


Findings Cases 


Optic nerve injury 
Unilateral 
Bilateral or chiasm 
Homonymous hemianopia 
Papilledema 
Third-nerve palsy 
Unilateral 
Bilateral 
Fourth-nerve palsy 
Unilateral! 
Bilateral 
Sixth-nerve palsy 
Unilateral 
Bitateral 
Seventh-nerve palsy ` 
Pretectal syndrome 
Internuclear ophthalmoplegia 
Unilateral 
Bilateral 
Skew deviation 
Gaze palsy, horizontal, 
unilateral. 
Nystagmus 
Other involuntary eye movements 
Orbital muscle palsy 
Orbital apex syndrome 
(included in central nerve paisies) 
Carotid-cavernous fistula 
Horner's syndrome 
tsofated, fixed, dilated pupil 
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and moped injuries are similar, and 
differ substantially from bicycle 
injuries.) Kighty-nine patients were 
operators and 7 were passengers. Four 
of the passengers, but only 3 of the 
drivers, were women. Ages ranged 
from 15 to 52 years, with a mean of 25.5 
years. Details of the accidents were 
limited, but intoxication was common, 
and only 4 patients were known to be 
wearing helmets. 

All of the subjects had head injuries: 
21 experienced secondary transtento- 
rial herniation, and 11 had orbital as 
well as head trauma. Neuro-ophthal- 
mologic signs were related principally 
to damage of the extramedullary, in- 
tracranial segments of the rostral cra- 
nial nerves (Table), but 5 patients had 
definite upper brain-stem damage as- 
sociated with tentorial herniation, and 
2 had signs resulting exclusively from 
orbital injury. 


COMMENT 


The upper cranial nerves are suscep- 
tible to the frontal and laterofrontal 
closed-head injuries known to occur 
frequently in motorcycle accidents. 
Damage to the optic nerve and to each 
of the ocular motor nerves was com- 
mon (Table). These results are similar 
to our experience with closed-head 
trauma of all types,’ with the principal 
exception being an increased incidence 
(.05 > P > .02) of trochlear nerve pal- 
sies (27% vs 19% of the combined cra- 
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nial nerves III, IV, and VI injuries). A 
high frequency of bilateral fourth- 
nerve palsies following motorcycle ac- 
cidents has been noted by Sogg.? 
Figures for the incidence of fourth- 
nerve injury after head trauma are 
disparate. Inpatient series from neu- 
rological centers report few or no tro- 
chlear nerve injuries,’ whereas such 
cases may be the most common cause 
of posttraumatic diplopia seen by oph- 
thalmic myosurgeons.’ While there 
may be some reluctance on the part of 
neurologists or neurosurgeons to diag- 
nose trochlear palsies, most of the dis- 
parity results from timing: when pa- 


tients become sufficiently alert to com- . 


plain of diplopia, they are often past 
the neurologist’s inpatient care and 
tend to be referred directly to the oph- 
thalmologist. We are able to follow up 
most trauma survivors as inpatients 
until they are aware of diplopia and 
are able to cooperate, but, given the 
greater subtleties in diagnosis, tro- 
chlear pareses will likely be underesti- 
mated on a neurology inpatient ser- 
vice. 

Computed tomographie scans fol- 
lowing head trauma occasionally show 
dorsolateral midbrain contusions or 
subarachnoid blood isolated to the am- 
bient cistern. Such patients should be 
examined carefully for fourth-nerve 
injury, but, in our experience, only a 
minority develop diplopia. 

Given a probable fourth-nerve in- 
jury, the primary differential consid- 
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eration is additional, subtle impair- 
ment of the other fourth nerve.’ Care- 
ful testing of diplopia fields to detect a 
reversal of the vertical images on al- 
ternate downward and lateral gazes 
should unmask the second trochlear 
nerve palsy. Unless accompanied by 
severe pretectal signs,” alternative di- 
agnoses such as skew deviation and 
partial third-nerve palsy are usually 
easily dismissed. 

Horner’s syndrome in two of our five 
patients resulted from traction inju- 
ries of the brachial plexus, a well- 
known hazard of motorcycle accidents. 
When combined with an ipsilateral 
immobile broken leg in one of our stu- 
porous patients, the findings of aniso- 
coria and apparent hemiplegia were 
initially assumed to be the result of 
acute tentorial herniation. 

Follow-up is limited in our popula- 
tion, but once having reached the stage 
of medical ocular interest, survival is 
almost certain. Only one of our pa- 
tients died of his injuries. The degree 
to which our patients recover from 
their eye signs is uncertain. None of 
those with optic nerve injury showed 
improvement; ocular motor resolution 


‘was variable and secondary signs of 


third-nerve aberrant regeneration 
were common. It is likely that recovery 
would be no greater than the 40% re- 
ported by the Mayo Clinic, Rochester, 
Minn, for traumatic ocular motor 
palsies.” 
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REHABILITATION 
FELLOWSHIP: 


The Southern Illinois University School 
of Medicine is offering a neurologic re- 
habilitation fellowship beginning July 1, 
1990. An active comprehensive reha- 
bilitation ward in a large university-af- 
filiated hospital, and multiple outpa- 
tient specialty clinics involving stroke, 
brain injury, spinal injury, multiple 
sclerosis, muscular dystrophy, Parkin- 
son's disease, etc., will greatly en- 
hance this one to two year multidisci- 
plinary learning experience. Candidates 
must be board eligible or board certi- 
fied in Neurology and should forward a 
cover letter and curriculum vitae to 
David Good, M.D., Director of Neurore- 
habilitation, Division of Neurology, SIU 
School of Medicine, P.O. Box 19230, 
Springfield, IL 62794-9230. Closing 
date for this position will be October 1, 
1989. SIU is an AA/EO employer. 


Fellowship in Alzheimer’s disease/ 
Parkinson’s disease for July, 1990. 
One to two years clinical and re- 
search training with emphasis on 
neuropharmacology, neuropsychol- 
ogy, and neuroimaging. Prior re- 
search experience desirable. Con- 
tact: 


J.H. Growdon, M.D. 
Department of Neurology, ACC 730 


Massachusetts General Hospital 
Boston, MA 02114. 





Memory Impairment in Patients With 
Progressive Supranuclear Palsy 


Irene Litvan, MD; Jordan Grafman, PhD; Claudia Gomez, MEd; Thomas N. Chase, MD 


è Verbal memory was compared in 12 
patients with progressive supranuclear 
palsy and 12 healthy control subjects 
matched for age, sex, and education. 
Learning, consolidation, and retrieval 
were significantly impaired in patients 
with progressive supranuclear palsy. In- 
formation scanning, which requires the 
use of short-term memory processes, re- 
mained intact. Duration of symptoms and 
degree of motor dysfunction correlated 
with intrusions during learning. No relation 
between central dopamine metabolism 
and memory dysfunction could be estab- 
lished. 

(Arch Neurol. 1989;46:765-767) 


rogressive supranuclear palsy 

(PSP) is characterized by the grad- 
ual development of supranuclear pa- 
ralysis of vertical and horizontal gaze, 
pseudobulbar palsy, including dysar- 
thria and dysphagia, parkinsonian 
symptoms, gait disturbances, and 
dementia.' Although memory impair- 
ment has long been associated with 
PSP,’ its presence remains controver- 
sial and its characteristics poorly de- 
fined. Previous quantitative studies?‘ 
failed to find memory dysfunction in 
PSP, although the patients were not 
compared with matched healthy con- 
trol subjects. This article compares 
quantitative assessments of four com- 
ponents of verbal memory: learning, 
information scanning, consolidation, 
and retrieval in patients with PSP and 
healthy control subjects. 


PATIENTS AND METHODS 


Twelve patients (6 women and 6 men) 
with the clinical diagnosis of PSP and 12 
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healthy control subjects matched for age, 
sex, and education were studied (Table 1). 
Informed consent was obtained from all 
subjects after the nature and possible con- 
sequences of the study were fully explained 
to them. All patients had progressive par- 
kinsonian signs (global motor impairment 
and gait disturbance), pseudobulbar signs, 
including dysarthria and dysphagia, and 
supranuclear vertical and horizontal gaze 
palsy. At the time of neuropsychologic test- 
ing, all were free of centrally active drugs 
except one patient who was taking carbi- 
dopa-levodopa (Sinemet). Each patient was 
able to read and write a sentence, express 
and comprehend spoken language, and un- 
derstand all task instructions. 

The Wechsler Memory Scale’ was used to 
obtain a global memory quotient. Two 
subtests, logical memory and visual mem- 
ory, with immediate recall and 30-minute 
delayed recall for each, were used to assess 
long-term memory. 

The Rey-Auditory Verbal Learning Test 
(RAVLT) was used to evaluate learning 
and long-term recall. Fifteen common 
words were repeated for five trials with free 
recall recorded immediately and 30 minutes 
after each trial. A delayed recognition con- 
dition was also included to test information 
retrieval. Patients were given additional 
time, and were encouraged, to respond to 
this task. 

The Sternberg Memory Scanning Task’ 
was used to assess scanning of information 
held in short-term memory. A random and 
variable set of digits was shown on a com- 
puter screen for 200 ms per digit. Then, a 
single probe digit was shown and subjects 
were required to make a choice reaction 
time response as to whether or not the 
probe digit was a member of the previously 
memorized set (set size could vary from 1 to 
6 digits). 

The Brown-Peterson Paradigm*’ was 
used to assess forgetting or strength of in- 
formation consolidation. This test required 
the recall of three words after interference- 
filled intervals of 3, 6, 12, 18, and 36 seconds. 
A forced-choice reeognition test that in- 
cluded both stimuli (25 items used in the 
Brown-Peterson Paradigm) and distractors 
(50 items) was administered orally imme- 
diately following the recall portion of the 
test. 

The FAS Fluency Test, Animal Fluency 
Test,” and Supermarket List" were used to 
evaluate verbal fluency and learned knowl- 
edge retrieval. Verbal phonological fluency 
was tested by the production of words 
beginning with the letters F, A, and S for 1 


minute each. Verbal semantic fluency was 
tested by retrieval of animal names and 
names of items normally found in a super- 
market for 1 minute each. 

Cerebrospinal fluid dopamine and homo- 
vanillic acid levels were determined by 
high-performance liquid chromatogra- 
phy." 

Statistical analysis included t tests and 
one- and two-factor analysis of variance for 
repeated measures, simple regressions, and 
correlations. With the Bonferroni correc- 
tion, the significance level for analysis of 
variance and ¢ test comparisons was deter- 
mined to be P < .005 (two-tailed test). 


RESULTS 


The Wechsler Memory Scale Mem- 
ory Quotient, a global measure of 
memory functioning, was 28% lower in 
patients with PSP than in control sub- 
jects (P < .0001; Table 2). An assess- 
ment of learning rate, using the 
RAVLT and the story recall subtest of 
the Wechsler Memory Scale, revealed 
that patients with PSP had a signifi- 
cant learning deficit (P < .0001; Fig 1 
and Table 2). 

Forgetting, as assessed by the 
Brown-Peterson Paradigm, was ab- 
normally rapid in patients with PSP, 
as indicated by a significant decay of 
stored information for all interference 
conditions (P < .0001; Fig 2). Recogni- 
tion memory, as assessed by the 
Brown-Peterson Forced-Choice Rec- 
ognition Test, was analyzed by means 
of a signal detection analysis." Pa- 
tients with PSP and control subjects 
were comparable at rejecting distrac- 
tor words, but control subjects (17/25) 
were better than patients with PSP 
(12/25) at recognizing words originally 
presented on the Brown-Peterson task 
(P < .002). This finding reinforces the 
suggestion that patients with PSP 
have abnormal forgetting under inter- 
ference conditions rather than just 
demonstrating impaired recall. Pa- 
tients with PSP also showed an accel- 
erated decay of information accessibil- 
ity from long-term memory as mea- 
sured by the difference between the 
fifth and sixth trials (with a 30-minute 
intertrial interval) on the RAVLT (a 
loss of 27% in patients with PSP vs an 
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Table 1.—Characteristics of Patients With 
Progressive Supranuclear Palsy (PSP) and Normal Control Subjects 


Patients 
(N = 12) 


—_ Tne 


Mean + SE 
63 + 2 


Characteristic 
Age, y* 


- Control Subjects 
(N = 12) 
— errr. 


Mean + SE Range 
64+ 2 56-71 


Range 
56-76 


Years of education * 15+2 10-21 16+ 1 12-20 


Age at PSP onset, y 60 + 2 


54-74 T 


Symptom duration, mo 37 +4 18-60 Ter EO 


Global motor impairment 
Columbia Rating Scale 


Hoehn and Yahr Scale 





Gait impairment 
Northwestern Scale 





* No significant difference between patients and control subjects. 


Table 2.—Memory Impairment in Progressive Supranuclear Palsy * 


Normal Control Subjects Patients 
Test (N = 12) (N = 12) Percent Decline P 
Wechsler Memory Scale 
Memory Quotient 134 + 4 96 +3 28 P< .0001T 





Logical memory 
Immediate recall 


30-min delayed recall 


Visual memory 
immediate recall 


30-min delayed recall 


Verbal Fluency Tests 
FAS Fluency Test 


Animals Fluency Test 
Supermarket List 
*Values are expressed as mean + SE. 


t+Significant difference between patients and control subjects. 


~—™ Mean Control Subjects (N = 12) 


13 ~® Mean PSP 
Patients (N = 12) 
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Fig 1.—Performance on Rey-Auditory Verbal Learning Test. There was a significant difference 
between patients with progressive supranuclear palsy (PSP) and control subjects in the rate of 
learning (trials 1 to 5) (P < .005). Slopes are similar for both groups, although in trials 1 and 2 
it appears that control subjects were able to learn a greater percentage of words. Patients also 
had a steeper information decay rate from trial 5 to trial 6 (30-minute delayed recall). Likewise, 


their delayed recognition memory was impaired (P < .02). 


8% loss in control subjects; Fig 1). 
These deficits suggest that patients 
with PSP experience difficulty in con- 
solidating learned information. 
Retrieval, tested by the delayed rec- 
ognition condition of the RAVLT 
(P < .02) and by all the verbal fluency 
tests (P <.0001), was also signifi- 


766 Arch Neurol—Vol 46, July 1989 


cantly diminished in the PSP group 
(Table 2). Interitem scanning of infor- 
mation appeared to be spared. Perfor- 
mance on the Sternberg Memory Scan- 
ning Task revealed generally slowed 
reaction times in the PSP group, but 
there was no difference in the inter- 
item scanning rate (note the slopes in 


Fig 3) as compared with the control 
subjects. 

An examination of the relation be- 
tween PSP symptoms and memory 
performance indicated that PSP 
symptom duration correlated with in- 
trusions during learning on the 
RAVLT (r = .45; P < .01), with long- 
term memory as measured by story 
recall on the Wechsler Memory Scale 
(r = —.69; P < .01), and with reaction 
times on the Sternberg Memory Scan- 
ning Task (r = .35; P < .05, or greater 
for all comparisons). The degree of gait 
impairment and global motor impair- 
ment correlated with intrusions dur- 
ing learning on the RAVLT (r = .48; 
P<.01 and r=.45; P < .05, respec- 
tively). Cerebrospinal fluid levels of 
dopamine (69 + 3 ng/mL) and homo- 
vanillic acid (22 + 5 ng/mL) measured 
in nine patients with PSP failed to 
correlate with their performance on 
any of the cognitive measures admin- 
istered. 


COMMENT 


The results of this study suggest 
that PSP is associated with a signifi- 
cant memory deficit. Memory dysfunc- 
tion in patients with PSP has been 
characterized as “forgetfulness” with- 
out a real loss of stored information." 
Although our patients with PSP also 
evidenced increased forgetting as mea- 
sured by the rate of information decay 
on the Brown-Peterson task and the 
loss of information from immediate to 
delayed recall on the RAVLT and the 
Wechsler Memory Scale, they addi- 
tionally demonstrated recognition and 
retrieval deficits, suggesting that their 
forgetfulness actually represented in- 
formation loss. On tasks that mini- 
mized interference following informa- 
tion presentation (eg, RAVLT), pa- 
tients with PSP recognition processes 
were relatively better preserved than 
recall. Letter fluency, which required a 
systematic lexical search using a pho- 
nological strategy, and category flu- 
ency, which required a superordinate 
referenced semantic search, were also 
markedly diminished. These memory 
deficits may be at least partially ex- 
plained by an inability to initiate and 
maintain a systematic and strategic 
search of stored information. This in- 
ability could be related to a distur- 
bance in the organizational and tem- 
poral aspects of encoding and retrieval 
subserved by the frontal lobe. Positron 
emission tomography studies have in- 
dicated mainly frontal cortex hypome- 
tabolism in patients with PSP, which 
could explain their pattern of cognitive 
deficits.: The hypometabolism may be 
due to deafferentation of subcortical- 
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Words Recalled 


3 6 12 





Mean Control Subjects 
© N= 12) 
©- Mean PSP Patients 


(N = 12) 


18 36 


Interference Duration, s 


Fig 2.—Performance on Brown-Peterson Paradigm. There was a significant difference between 
patients with progressive supranuclear palsy (PSP) and control subjects for all interference inter- 
vals (P < .0001), but the difference appears to be more evident when interference lasted 12 sec- 


onds or longer. 


3000 


2000 


Reaction Time 


0 2 4 
No. of Digits 


=. Mean Control Subjects 
(N = 12) 


Mean PSP Patients 


(N = 12) 





Fig 3.—Performance on Sternberg Memory Scanning Test. The slopes show no significant differ- 
ence between patients with progressive supranuclear palsy (PSP) and control subjects. There was 
a significant difference in mean reaction times (analysis of variance; P < .0001). 


frontal projection fibers, since cortical 
neuronal areas are generally spared in 
this disease.! 

Contrary to findings in patients with 
Parkinson’s disease,“ scanning time of 
information held in short-term mem- 
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ory, as measured by the Sternberg 
Memory Scanning Task, was compa- 
rable with control interitem scanning 
time, although patients with PSP re- 
sponse times were uniformly slowed. 
Thus, the classically described PSP 
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bradyphrenia does not affect interitem 
information scanning. Patients with 
PSP, like those with Parkinson’s, Hun- 
tington’s, and Alzheimer’s diseases, 
demonstrate verbal learning and re- 
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recognition memory in PSP, as in Par- 
kinson’s and Huntington’s diseases, is 
relatively spared compared with free 
recall, unlike in patients with Alz- 
heimer’s disease, who have profound 
recall and recognition deficits.” In 
summary, we noted several types of 
impaired memory processes in pa- 
tients with PSP, including abnormally 
rapid forgetting, increased sensitivity 
to interference, and difficulty in using 
strategic long-term memory search 
processes. 

Memory impairment in PSP did not 
appear to reflect dopaminergic dys- 
function as assessed by cerebrospinal 
fluid levels of dopamine and its major 
metabolite. These results are consis- 
tent with the lack of abnormalities in 
dopaminergic subcorticocortical path- 
ways reported in  neuropathologic 
studies of PSP.” The cholinergic in- 
nominatocortical and septohippocam- 
pal systems, known to be affected in 
PSP, are more likely contributors to 
the memory deficits.” In conclusion, 
memory dysfunction is a significant 
problem in PSP and appears to be op- 
erationally independent of, yet corre- 
lated with, motor dysfunction. 
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A Comparison of Mini-Mental State Examination Performance 


in Finland and China 


David P. Salmon, PhD; Paavo J. Riekkinen, MD; Robert Katzman, MD; 
Mingyuan Zhang, MD; Hua Jin, MD; Elena Yu, PhD, MPH 


@ The Mini-Mental State Examination of 
Folstein et al was translated into and cul- 
turally adapted to Chinese and Finnish and 
used in dementia surveys involving proba- 
bility samples of 2187 Shanghai elderly, 
aged 65 to 74 years, and 525 Finns of the 
same age group. The mean scores of these 
two groups were statistically different ow- 
ing to the lower scores of Shanghai sub- 
jects who had no formal education. When 
this subset of 579 subjects was eliminated 
from the analysis, the distribution of total 
scores was almost identical in the two 
populations, suggesting that the Mini- 
Mental State Examination can be used in 
disease populations, provided education 
is taken into account. However, there re- 
mained cultural differences in regard to 
individual test items; the Chinese had bet- 
ter recall but did not do as well as Finnish 
or US subjects when asked to copy a fig- 
ure. 

(Arch Neurol. 1989;46:769-772) 


Thre key element in the clinician’s ex- 

amination of a patient in the diag- 
nosis of dementia is the clinical mental 
status examination. Standardized 
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mental status examinations derived 
from the clinical mental status exam- 
ination are commonly used in clinical 
and epidemiological research. The 
Mini-Mental State Examination 
(MMSE) of Folstein et al! has been 
widely used in the United States, 
where it was standardized, and else- 
where; translations in a number of 
languages are now being tried in many 
parts of the world.** In this report we 
compare the results obtained with 
translated and culturally adapted ver- 
sions, the Chinese Mini-Mental State 
(CMMS) examination used in a popu- 
lation study in Shanghai, China, and 
the Finnish Mini-Mental State 
(FMMS) examination used in a popu- 
lation study in Kuopio, Finland. Al- 
though the peoples and cultures of 
these two locations might be assumed 
to be dramatically different, we found 
that the differences between persons 
with greater or lesser education were 
greater than the differences between 
countries for persons within a similar 
educational level. Nevertheless, some 
consistent and coherent differences be- 
tween the responses in the two soci- 
eties can be identified. 


SUBJECTS AND METHODS 
China 


The Chinese subjects in the present study 
were drawn from an initial screening sur- 
vey of 5055 elderly subjects who were ran- 
domly selected from the Jing An District of 
Shanghai. 

The sampling procedures are described in 
detail elsewhere by Yu et al. Some 1363 
persons who were targeted for the overall 
survey on the basis of their residence were 
not interviewed, 24 because they refused to 


be interviewed; 195 because of deafness, 
blindness, or serious illness; 34 because they 
had died; and the remainder because they 
had moved away or were staying with rel- 
atives outside the Jing An District. The 
CMMS was administered to 5055 persons, or 
more than 95% of this cohort. Subjects 
were divided into three age groups and in- 
cluded 1497 aged 55 to 64 years, 2187 aged 65 
to 74 years, and 1371 aged 75 years and 
older. The present sample consisted of 2187 
men (n = 993) and women (n = 1194) who 
were between the ages of 65 and 74 years. 
The education level varied greatly in the 
Chinese sample, from no education (illit- 
erate) to postgraduate college education. 
For purposes of data analysis, three educa- 
tional categories were created: NO ED con- 
sists of persons with no formal education 
(n = 579); ELEM consists of persons with 
either elementary school education (1 to 6 
years) or Si-Shu, an informal mode of liter- 
acy training devoted to the study of classics, 
calligraphy, literary works, and history, 
but with no systematic study of science or 
mathematics ((n = 834); and MIDDLE+ 
consists of persons with middle school or 
higher education (n = 767). The educational 
level of 7 subjects was not ascertained. 


CMMS 


The MMSE of Folstein and colleagues! 
was translated into Chinese and the trans- 
lation verified by back-translation into En- 
glish. Most of the items of the MMSE could 
be directly translated and used on the 
CMMS. However, two of the MMSE items 
required major adaptation. First, the 
MMSE repetition phrase “no ifs, ands, or 
buts” does not have a suitable counterpart, 
and the phrase “44 stone lions,” an alliter- 
ation in Chinese, was substituted. Second, 
“say a sentence” was substituted for “write 
a sentence” because many of the Chinese 
subjects were unable to write. Pilot studies 
carried out to verify the validity of the 
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Fig 1.—Left, The percentage of Finnish and Chinese subjects with Mini-Mental Sate Examination (MMSE) 
scores classified in six performance levels. All subjects were 65 to 74 years old. Right, Comparison of Chi- 
nese with some elementary or higher education (ELEM and MIDDLE +) with Finnish cohort. FMMS indicates 
Finnish version of MMSE; and CMMS, Chinese version. 


translation and adaptation of the CMMS 
have been described in a previous report.’ 
The CMMS was presented as a part of a 
larger survey questionnaire that included 
an additional mental status test (a Chinese 
version of the Blessed-Roth information- 
memory concentration test®) and other 
items in regard to function, demography, 
health, and possible risk factors. Psychia- 
trists and nurses from the research branch 
of the Shanghai Mental Health Center con- 
ducted the interviews. To ensure high in- 
terrater reliability, the interviewers under- 
went extensive training in the administra- 
tion and scoring of the CMMS and were 
observed on two preliminary interviews 
before being allowed to do the field work. 


Finland 


The 525 Finnish subjects who partici- 
pated in the present study were randomly 
selected from the city of Kuopio. As in the 
Chinese sample, all Finnish subjects were 
between the ages of 65 and 74 years. Their 
educational level ranged from 3 years of 
education or less (16 subjects), to 4 to 6 
years of education (291), to 7 or more years 
of education (204 subjects), including those 
with postgraduate education. Educational 
level was not ascertained for 14 subjects. 


FMMS 


All items of the MMSE of Folstein et al’ 
were directly translated and no major mod- 
ifications were required. The FMMS was 
administered by a psychologist or psy- 
chometrist from the University of Kuopio 
who had been trained in both administra- 
tion and scoring procedures. 


Alzheimer’s Disease Research Center 
MMSE 


Data on 90 volunteers in the University of 
California at San Diego (La Jolla) Alz- 
heimer’s Disease Research Center (ADRC) 
were selected from the available data on 356 
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participants. The ADRC sample selected 
was composed only of people who were 65 to 
74 years old to match the Finnish and Chi- 
nese samples. The ADRC sample was fur- 
ther stratified on the basis of the total 
MMSE score to match the distribution of 
the scores in the Chinese and Finnish sam- 
ples; specifically, 78% of the US sample 
scored 26 to 30; 20% scored 21 to 25; 1% 
scored 16 to 20; and 1% scored 15 or less. 
Subjects from each MMSE score category 
were selected randomly from the entire 
ADRC population regardless of diagnosis. 


RESULTS 


The overall mean+SD MMSE 
scores, and the mean scores for each 
education level, are given in the Table 
for the Chinese and Finnish subjects. 
A small but statistically significant 
difference in mean score was observed 
between the total sample of Chinese 
and Finnish subjects (¢2710] = 5.41, 
P <.001). The Chinese and Finnish 
subjects with minimal education (NO 
ED or <3 years) or elementary school 
education (ELEM or 4 to 6 years) did 
not differ significantly in average 
score, but it should be noted that the 
Chinese cohort is heavily weighted to- 
ward this category as compared with 
the Finnish cohort. The Chinese sub- 
jects in the MIDDLE+ education 
group scored slightly higher on the 
CMMS than did the Finnish subjects 
with 7 or more years of education on 
the FMMS, but this was statistically 
significant (t[969] = 3.89, P < .001). 
There was a significant increase in the 
score as the education level increased 
for both the Chinese (F[2,2177] = 
450.5, P < .001) and Finnish (F'[2,508] 
= 44.6, P < .001) subjects. 


6-10 
FMMS/CMMS Score 





Subjects 65-74 y of Age 


WM Finnish (n = 525) 
[ ]Chinese (n = 1601; ELEM and MIDDLE+) 





11-15 16-20 21-25 26-30 


Mean CMMS and FMMS Scores for 
Education Groups and Total Sample” 


Chinese 
NO ED 579 
ELEM 834 
MIDDLE+ 767 
Total 2187 
Finnish 


<3 y education 16 
4-6 y 291 
>7 y 204 
Total 525 


* CMMS and FMMS indicate Chinese and Finnish 
versions of the Mini-Mental State Examination; NO 
ED, no formal education; ELEM, either elementary 
school education (1 to 6 years) or Si-Shu, an informal 
mode of literacy training; MIDDLE+, middle school or 
higher education. Included in the totals are 7 Chinese 
subjects and 14 Finnish subjects for whom education 
was not determined. 


Figure 1, left, presents the percent- 
age of Finnish and Chinese subjects 
whose total scores fall within each of 
six performance levels. In both sam- 
ples, the vast majority of subjects 
achieved scores between 21 and 30. 
However, a higher proportion of Chi- 
nese than Finnish scored below 21 
points, and a higher proportion of 
Finnish than Chinese scored in the 26- 
to 30-point range. 

A possible reason for the discrep- 
ancy in the distribution of scores for 
the two cultural groups may be the 
difference in the proportions of each 
sample that have no education. Only 16 
(3.05%) of the 525 Finnish subjects 
had 3 years of education or less (it is 
not known how many of these 16 had 
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Fig 2.—Top and bottom, Comparison of performance of Finnish subjects, and Chinese subjects 
with elementary and higher education, with US subjects on individual test items of the Mini-Mental 


State Examination. Asterisk indicates P < .001. 


no education), whereas 579 (26.47% ) of 
the 2187 Chinese subjects had no edu- 
cation and were clearly illiterate. 
Given this discrepancy in education 
level, a more reasonable approach may 
be to compare the entire Finnish sam- 
ple with the Chinese one in the ELEM 
and MIDDLE+ education groups only. 
This comparison, shown in Fig 1, right, 
results in virtually idertical distribu- 
tions of scores for the two groups. 

A comparison of the performance of 
the Finnish subjects anc the US ADRC 
patients with the Chimese subjects 
with ELEM and MIDDLE+ education 
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on individual test items is shown in Fig 
2. Different patterns of performance 
on individual test items were produced 
by the three samples, although the 
overall performance of the Finnish 
and Chinese was almost exactly 
matched. The Finnish subjects per- 
formed significantly better than the 
Chinese on five items: orientation to 
time, registration of three objects 
(t[2124] = 8.86, P<.001), three-step 
command (ł[2124] = 4.18, P<.001), 
read a sentence (t[2124] = 9.93, P< 
.001), and copy pentagons (t[2124] = 
8.538, P < .001). The Finnish subjects 


performed significantly better than 
the ADRC subjects on one item, orien- 
tation to place (t[613] = 8.77, P < .001). 
The Chinese performed significantly 
better than the Finnish on three items: 
backward serial sevens (t[2124] = 3.45, 
P<.001), recall three objects 
(t[2124] = 15.70, P < .001), and repeat a 
phrase (t[2124] = 10.46, P < .001). The 
Chinese subjects performed signifi- 
cantly better than the ADRC subjects 
on orientation to time (t[1689] = 3.29, 
P<  .001), orientation to place 
(t[1689] = 9.57, P< .001), and recall 
(t[1689] = 2.69, P < .01). The ADRC pa- 
tients performed significantly better 
than the Finnish on serial sevens 
(t[613] = 2.71, P<.01) and recall 
(t[613] = 4.10, P < .001). The ADRC pa- 
tients performed significantly better 
than the Chinese on read a sentence 
(t[1689] = 4.42, P < .001) and copy pen- 
tagons (#1689] = 3.51, P < .001). 


COMMENT 


In this report we have had the op- 
portunity to compare the performance 
on Chinese and Finnish versions of the 
MMSE in probability samples of 65- to 
74-year-olds located in Shanghai and 
Kuopio, respectively. Despite the great 
differences in language and culture in 
these societies, and despite the cul- 
tural adaptations in addition to trans- 
lation required for the Chinese ver- 
sion, the mean scores on the CMMS 
and the FMMS are remarkably simi- 
lar, as shown in the Table. There is, 
however, a marked difference in dis- 
tribution of scores for the two samples 
(Fig 1, left), which appears to reflect an 
educational confound resulting from 
the fact that in Shanghai 26.47% of the 
2187 subjects whose education was 
known had received no formal educa- 
tion during childhood and remain il- 
literate, whereas the proportion in 
Kuopio was less than 3.1%. When the 
Kuopio sample with elementary or 
higher level education is compared 
with those in the Shanghai sample, the 
distributions are almost exactly super- 
imposable, as shown in Fig 1, right, 
even though among those with elemen- 
tary or higher education, a greater 
proportion of the Shanghai population 
(47.9%) had seven or more grades of 
school than the Kuopio sample 
(41.2% ). 

The effect of education on the MMSE 
had been noted by Folstein et al’ and by 
Magaziner et al* in community surveys 
in Baltimore, Md, and by Bird et al? in 
a Hispanic population. Folstein et al 
found a number of subjects with low 
education whose MMSE scores sug- 
gested the possibility of dementia but 
who were found not to be demented on 
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clinical examination. 

The effect of education on the scores 
of the 65- to 74-year-old Shanghai co- 
hort described herein was even more 
dramatically indicated in the 75-year- 
and-over age group who participated 
in the Shanghai study, in whom 54% 
were illiterate; in this group the mean 
CMMS score was 19.9, as compared 
with a mean CMMS score of 26.6 in the 
75-year-plus group with MIDDLE+ 
education.’ 

Although differences in total scores 
in the Shanghai and Kuopio samples 
appeared to reflect primarily educa- 
tional differences and disappeared 
when the two groups were more closely 
aligned in this regard, there remain 
significant differences in regard to per- 
formance on individual items. If one 
does an item comparison of the entire 


1. Folstein MF, Folstein SE, McHugh PR. 
‘Mini-Mental State’: a practical method for grad- 
ing the cognitive state of patients for the clinician. 
J Psychiatr Res, 1975;12:189-198. 

2. Katzman R, Zhang M, Qu O, et al. A Chinese 
version of the Mini-Mental State Examination: 
impact of illiteracy in a Shanghai dementia sur- 
vey. J Clin Epidemiol. 1988;41:971-978. 

3. Park JH, Ha JC. Cognitive impairment 
among the elderly in a Korean rural community. 
Acta Psychiatr Scand. 1988;77:52-57. 

4. Rungie C. The application of cross cultural 
epidemiologic research to a population in China. 
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cohorts, the Finnish do better on ori- 
entation to time, orientation to place, 
memory registration, three-step com- 
mand, read a sentence, and copy a 
pentagon, whereas the Shanghai sub- 
jects do better on recall of three ob- 
jects and repeat a phrase. If the NO ED 
group in Shanghai is eliminated, the 
total scores become almost identical, 
yet the Finnish continue to do better 
on orientation to time, registration of 
three objects, three-step command, 
read a sentence, and copy a pentagon, 
whereas the Shanghai subjects do bet- 
ter on backward serial sevens, recall of 
three objects, and repeat a phrase. 
When the stratified sample of ADRC 
patients is included, the better perfor- 
mance of the Chinese (with some ele- 
mentary or higher education) on recall 
of objects and their poor performance 
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Ataxia, Chorea, Seizures, and Dementia 


Pathologic Features of a Newly Defined Familial Disorder 
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F. Stephen Vogel, MD; Christine Hulette, MD; Barry Katchinoff, MD; Peter L. Jacobson, MD 


è Five generations of a family exhibit a 
unique autosomal dominant neurologic 
disorder characterized by the develop- 
ment (usually between 15 and 30 years of 
age) of ataxia, seizures, choreiform move- 
ments, progressive dementia, and death 
after 15 to 25 years of illness. Neuropatho- 
logic findings in two deceased family 
members revealed remarkably similar 
findings, including marked neuronal loss 
of the dentate nucleus, microcalcification 
of the globus pallidus, neuroaxonal dys- 
trophy of the nucleus gracilis, and demy- 
elination of the centrum semiovale. The 
clinical and pathologic findings are closely 
correlated. Ataxia and chorea are related 
to severe neuronal loss in the dentate nu- 
cleus with calcification in the globus palli- 
dus. Dementia occurs with progressive 
demyelination of the centrum semiovale, 
and loss of posterior column function oc- 
curs with neuroaxonal dystrophy of the 
nucleus gracilis and nucleus cuneatus. 

(Arch Neurol. 1989;46:774-779) 


This autosomal dominant disease af- 

fected 38 members (17 were male 
and 21 were female), in five successive 
generations of a rural black North 
Carolina family. The pedigree of this 
family is presented in Fig 1. We have 
examined 22 family members. Clinical 
data concerning the other 16 affected 
members are based on information 
obtained from relatives. The first re- 
corded member of this family was born 
in 1840 and lived at Haw River, NC. 
Most of the members of the subsequent 
generations have continued to live in 
the same localized area. For this rea- 
son we have named this disorder the 
“Haw River syndrome.” 

The major clinical features and the 
frequency of their occurrence in the 22 
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examined patients are presented in the 
Table. The initial symptoms were 
those of ataxia of gait, intention 
tremor, and choreiform movements 
that developed in all patients usually 
between 15 and 30 years of age. These 
symptoms were followed by recurrent 
generalized tonoclonic seizures in 21 
of the 22 patients. During subsequent 
years, progressive dementia has devel- 
oped in 20 of the patients, and 11 of the 
22 have died after 15 to 25 years of ill- 
ness. The clinical findings and their 
temporal progression were similar in 
each patient. The historical data on the 
clinical courses of the 16 affected mem- 
bers who were not examined also con- 
formed to the same pattern. 

The findings on neurologic examina- 
tion varied with the stage of the pa- 
tient’s disease. Initially the only find- 
ing was mild ataxia of gait with in- 
ability to tandem walk. Subsequently 
intention tremor with finger-to-nose 
and heel-to-shin ataxia developed. 
Later, involuntary choreiform move- 
ments of the face, arms, and legs ap- 
peared and gradually increased in se- 
verity. Patients examined after many 
years of progressive ataxia and chorea 
were no longer able to walk. Patients 
examined prior to the onset of seizures 
did not have nystagmus. Most of the 
patients receiving anticonvulsant 
therapy did have horizontal nystag- 
mus. Marked dysarthria developed in 
all of the affected members. Early in 
the course of illness, position and vi- 
bration sense were normal. Subse- 
quently, impaired position and vibra- 
tion sense have developed in 9 patients. 
Serial neuropsychologic studies in 5 
patients demonstrated progressive 
diminution in IQ. Active deep tendon 
reflexes were present in 16 patients 
and were not recorded in 6. One patient 
(III-19) had extensor plantar re- 
sponses. Of the 22 patients, 20 ulti- 
mately had severe organic dementia, 
and 7 required permanent institu- 
tional care. Results of slit-lamp exam- 
inations in 4 patients were normal. In 
addition, evidence of mild mental re- 
tardation already present during 
childhood was noted in 15 patients. 


Electroencephalograms were ob- 
tained in 15 examined members. Four- 
teen tracings were abnormal owing to 
generalized theta activity and parox- 
ysmal episodes of generalized spike 
and slow-wave activity (Fig 2). The 
only normal tracing was in one patient 
who so far has not had seizures de- 
velop. 

Results of cerebrospinal fluid (CSF) 
examinations performed in 10 patients 
were normal with the exception of one 
CSF sample with a protein level of 0.95 
g/L. There were 0 to 4 leukocytes per 
cubic millimeter. Immunoglobulin 
studies of nine CSF samples showed 
normal findings. One CSF sample was 
negative for myelin basic protein. 

Electromyography and muscle bi- 
opsy findings in one patient (IV-23) 
were normal. Histochemistry studies 
of muscle did not reveal any ragged red 
fibers, and electron microscopy did not 
show evidence of mitochondrial abnor- 
mality. Fibroblast cultures were nor- 
mal. 

Nerve conduction velocities were 
normal in three patients. Brain-stem 
auditory evoked responses were nor- 
mal in four patients. 

Computed tomography (CT) of the 
head performed in 10 patients demon- 
strated calcification of the globus pal- 
lidus in 4 patients and enlargement of 
the fourth ventricle in 4 patients. 
There was no caudate atrophy. One 
pneumoencephalogram was normal. 
Magnetic resonance imaging of the 
head performed in 7 patients revealed 
involvement of the central white mat- 
ter in 5 patients. 

Complete blood cell counts, liver en- 
zymes, vitamin B,, folate, ferritin, cal- 
cium, and phosphate levels were nor- 
mal. There was no acanthocytosis. 
VDRL examinations were negative. 
Parathyroid hormone levels were nor- 
mal in five patients. 

Elevated serum copper levels be- 
tween 29.1 and 39.3 „mol/L were found 
in eight of nine patients (normal 
range, 11.0 to 24.4 umol/L). Serum ce- 
ruloplasmin levels were 300 to 500 
mg/L in nine patients (normal range, 
200 to 500 mg/L). 
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Fig 1.—Pedigree of family showing the distribution of affected members. 
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Metachromatic studies, organic ac- 
ids, and acylearnitine were normal. 
Urine amino acid analyses from nine 
patients revealed no significant abnor- 
mality. Tocopherol and vitamin D 
plasma levels of four patients were 
normal. Cortisol levels of the plasma of 
four patients were normal. 


REPORT OF CASES 


The clinical and neurcpathologic find- 
ings in two affected members of this family 
who died (III-19 and III-23) are presented. 

Case 1 (III-23).—A 38-year-old black 
woman had normal childhood development 
and completed the 11th grade. At age 19 
years her family first noted mildly slurred 
speech, slightly unsteady gait, and occa- 
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sional jerking movements of her arms and 
legs. These symptoms gradually increased 
in severity during the next 5 years. At age 
24 years, recurring generalized seizures de- 
veloped. Examination at age 27 years re- 
vealed emotional lability, intellectual im- 
pairment, choreiform movements, un- 
steady gait, and limb ataxia. Results of 
sensory and reflex examinations were nor- 
mal. An electroencephalogram revealed 
frequent generalized single spike and slow 
waves with repeated bursts of bilateral 
high-voltage 1 to 2 c/s delta waves of 2- to 
4-seconds duration. She was treated with 
phenytoin sodium and phenobarbital. 

At age 31 years examination revealed in- 
appropriate affect, poor judgment, and lack 
of insight. She was disoriented to time and 
place. Her recent and remote memory were 
impaired, and she was unable to do simple 


calculations. Nystagmus on lateral gaze 
was noted. She had a wide-based shuffling 
gait and was unable to walk heel to toe. 
There was finger-to-nose and heel-to-shin 
ataxia and choreiform movements. A CT 
scan revealed bilateral calcification in the 
globus pallidus. 

Because of severe dementia and the in- 
ability to walk, she was placed in a nursing 
home at age 35 years. At age 37 years she 
was admitted to a state hospital owing to 
violent behavior. She did not respond to 
verbal stimuli, and her speech was incom- 
prehensible. Nystagmus and bilateral optic 
atrophy were present. There were involun- 
tary movements with intention tremor. She 
was unable to sit without support. Tendon 
reflexes were active. 

She had frequent generalized convulsions 
despite treatment with carbamazepine, 
phenytoin, and phenobarbital. Magnetic 
resonance imaging at age 38 years, 2 
months before death, revealed involvement 
of the central white matter (Fig 3). Death 
was due to aspiration. 

Pathologic examination of the brain re- 
vealed very mild generalized atrophy with 
the brain weighing 1150 g. The pons and 
cerebellum did not appear grossly abnor- 
mal nor did the cerebral hemispheres. 
There was no gross evidence of pigment 
deposition or atrophy of the cerebellum or 
basal ganglia. 

On microscopic examination there were 
lesions in several major systems. There was 
marked neuronal loss in the dentate nu- 
cleus (Fig 4). The remaining neurons ap- 
peared to be in varying stages of cytolytic 
degeneration. The hilum of the dentate nu- 
cleus was unremarkable. The Purkinje cells 
of the cerebellar cortex were normal. There 
was mild neuronal loss and degeneration in 
the olives. Pontine nuclei were intact. There 
was very mild spongy degeneration and de- 
myelination of the descending corticospinal 
fibers in the pons. 

There were extensive perivascular and 
parenchymal deposits with mulberry 
bodies that stained for calcium and iron in 
the globus pallidus! (Fig 5). These changes 
extended into the putamen. The caudate 
nucleus was unremarkable. 

There was marked neuroaxonal dystro- 
phy (NAD) of the nucleus gracilis (Figs 6 
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Fig 2.—Electroencephalographic recording from case IV-23 while awake demonstrates recurrent 
brief bursts of generalized spike and slow-wave activity. This 25-year-old black man had recurrent 
generalized seizures, ataxia, chorea, and dementia. 


and 7). The nucleus was replaced by axonal 
spheroids that were stained by the Glees 
method and bizarre reactive glia that 
stained with the immunoperoxidase reac- 
tion for glial fibrillary acidic protein. In this 
case, NAD was confined to the nucleus gra- 
cilis. The spinal cord was not available for 
examination of the posterior white col- 
umns. The medial lemniscus and thalamus 
were unremarkable. 

There was mild diffuse rarefaction of the 
centrum semiovale (Fig 8). The cerebral 
cortex was unremarkable. No neuritic 
plaques or neurofibrillary tangles were 
demonstrated by King stain. The eyes were 
not available for pathologic examination. 

Case 2 (IfI-19).—At age 18 years, this 
black woman had generalized tonoclonic 
seizures develop that were partially con- 
trolled with phenytoin. At age 35 years, ex- 
amination revealed normal intellectual 
function and good memory with mild gait 
ataxia. An electroencephalogram showed 
generalized theta activity with bilateral 
bursts of spike and slow-wave activity. 
Phenobarbital was added to the phenytoin 
medication. At age 38 years, examination 
revealed nystagmus, slurred speech, inten- 
tion tremor, finger-to-nose and heel-to-shin 
ataxia, and hyperactive tendon reflexes in 
the arms and legs. At age 38 years, she was 
oriented to person and place, but not to 
time. Recent and remote memory were 
poor. She was unable to do simple calcula- 
tions. Facial grimacing and choreoathetoid 
movements of the arms and legs were noted. 
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Vibration and position sense in the feet 
were diminished. Active snout, grasp, and 
palmomental reflexes were noted with gait 
ataxia. Plantar responses were extensor. A 
head CT scan showed an enlarged fourth 
ventricle. 

Three months later the patient was ad- 
mitted to the hospital and a repeated head 
CT scan revealed increased fluid over the 
cerebral hemispheres. Bilateral subdural 
hygromas were drained through bilateral 
burr holes. There was only temporary neu- 
rologic improvement, and she died 3 months 
after operation. 

General autopsy revealed multiple decu- 
bitus ulcers, flexion contractures, and bron- 
chopneumonia. There was diffuse adreno- 
cortical hyperplasia. 

Pathologic examination of the central 
nervous system revealed lesions in the same 
major systems as in case 1. However, the 
pathologic process was more extensive and 
there was evidence of multiple hypoxic ep- 
isodes and trauma. 

The brain weighed 900 g. There was mild 
cortical atrophy, especially of the frontal 
lobes. The pons was markedly atrophic. The 
cerebellum, however, was not grossly atro- 
phic. There was focal hemosiderin deposi- 
tion on the inner surface of the dura mater, 
focal softening of the superficial cerebral 
cortex, and focal softening of the cerebellar 
folia. There was no gross evidence of intra- 
parenchymal pigment deposition. 

Microscopically, there was marked neu- 
ronal loss in the dentate nucleus. The hilum 


The Purkinje cells were intact but there 
were several foci of necrosis of the superfi- 
cial cerebellar folia. Hemosiderin-laden 
macrophages were seen in these lesions. 
There was severe neuronal loss in the olives. 
Pontine nuclei were undergoing degenera- 
tion. There was spongy degeneration and 
demyelination of the descending cortico- 
spinal fibers and the pyramids. The lateral 
corticospinal tract in the spinal cord was 
completely demyelinated (Fig 9) and con- 
tained large reactive glial cells. This change 
was interpreted as secondary to multiple 
hypoxic and traumatic insults to the cere- 
bral cortex. There was microcalcification of 
the globus pallidus. The caudate nucleus 
was unremarkable. 

There was marked NAD in the medulla. 
The histologic appearance of this lesion was 
identical to that described in case 1 but the 
process was more extensive, involving the 
nucleus gracilis and the nucleus cuneatus. 
In addition, there were multiple small foci 
of NAD in the pons, substantia nigra, 
mamillothalamic tracts, thalamus, and in- 
ternal capsule. There was mild demyelina- 
tion of the posterior white columns as well 
as the medial lemniscus. There was mild 
neuronal loss in the thalamus. 

There were multiple foci of infarction 
and laminar necrosis in the cerebral cortex 
attributed to multiple hypoxic and trau- 
matic insults and not a part of the underly- 
ing disease process. Most of these foci were 
superficially located and associated with 
hemosiderophages. It was impossible to re- 
liably evaluate the centrum semiovale for 
demyelination. Examination of the eyes re- 
vealed peripheral cystoid retinal degenera- 
tion, pigment granules in the basal layer of 
the corneal epithelium at the limbus, and 
early cataracts. 


COMMENT 


We have described a familial neuro- 
degenerative disorder characterized 
clinically by ataxia, seizures, chorei- 
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Fig 4.—Dentate nucleus. Left, Case 1 exhibits severe neuronal loss (hematoxylin-eosin / Luxol fast blue, X52). Remaining 
neurons are in varying stages of cytolytic degeneration (inset, hematoxylin-eosin /Luxol fast blue, X400). Right, Neuronal 
population in the dentate nucleus of a normal individual (hematoxylin-eosin/Luxol fast blue, X52). 













Fig 5.—Globus pallidus. Left, Micropseudocalcification in the globus pallidus extending into the 
putamen (at left) in case 1 (hematoxylin-eosin/Luxol fast blue, X25). Right, Perivascular 
pseudocalcification and intraparenchymal ‘‘mulberry bodies” (arrow) in the globus pallidus of case 


1 (iron, X 100). 


form movements, and dementia. Neu- 
ropathologic examination of two de- 
ceased family members revealed le- 
sions in several major systems: (1) 
marked neuronal loss in the dentate 
nucleus; (2) microcalcification of the 
globus pallidus; (3) NAD of the nucleus 
gracilis; and (4) demyelination of the 
centrum semiovale. Pathologic find- 
ings in the two family members were 
remarkably similar. Case 2 exhibited 
more extensive changes with neuronal 
loss extending to the olives and pon- 
tine nuclei. Neuroaxonal dystrophy 
was also more severe with involvement 
of the nucleus cuneatus and multiple 
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small foci in the pyramidal and ex- 
trapyramidal systems. 

This disorder represents a unique 
spectrum of changes in multiple sys- 
tems. Several types of multiple system 
atrophy must be considered in the dif- 
ferential diagnosis. 

Olivopontocerebellar atrophy is sug- 
gested by the clinical presentation of 
progressive cerebellar ataxia. This en- 
tity represents numerous disorders 
and many families with unique 
features.** The unifying feature is at- 
rophy of Purkinje cells in the cerebel- 
lum with secondary degeneration of 
neurons in the olives and pons. Pur- 


kinje cells were normal in both pa- 
tients examined pathologically. Pur- 
kinje cells are also atrophied in cere- 
bello-olivary atrophy,’ which may be 
viewed as a less severe type of olivopon- 
tocerebellar atrophy. The clinical syn- 
drome of this disorder includes recur- 
rent generalized seizures that are not 
part of the clinical picture of olivopon- 
tocerebellar atrophy.‘ 

In dentatorubropallidoluysian atro- 
phy, the dentate nucleus and globus 
pallidus are both shrunken and discol- 
ored with dense gliosis.’* While there 
was neuronal loss in the dentate nu- 
cleus and microcalcification of the glo- 
bus pallidus, this structure did not ex- 
hibit gross abnormalities. In addition, 
NAD and supratentorial white matter 
demyelination are not features of den- 
tatorubropallidoluysian atrophy. 

Ramsay Hunt syndrome represents 
primary atrophy of the dentate nu- 
cleus with myoclonus.’ Myoclonus is 
not a clinical feature in this family. In 
addition, these patients exhibit other 
pathologic lesions that are not fea- 
tures of Ramsay Hunt syndrome. 

Calcification of the globus pallidus 
on CT in 4 of 10 patients studied is 
considered to be pathologically signif- 
icant since physiologic calcification of 
the globus pallidus on CT has been re- 
ported in only 32 (0.6% ) of 5000 cases. 
Calcification in the globus pallidus 
raises the question of the possible re- 
lation of this disorder to familial idio- 
pathic calcification of the basal gan- 
glia, which is sometimes associated 
clinically with progressive dementia, 
convulsions, and/or rigidity and path- 
ologically with calcification of the strio- 
pallidodentate system.' However, cal- 
cification in the present patients did 
not extend to the cortex, centrum semi- 
ovale, and dentate nucleus. Neuronal 
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Fig 6.— Nucleus gracilis. Top, The nucleus gracilis in case 1 is symmet- 
rically replaced by neuroaxonal dystrophy (hematoxylin-eosin / Luxol 
fast blue, X32). Bottom, Nucleus gracilis of a normal individual (hema- 
toxylin-eosin/Luxol fast blue, X32). 


Fig 7.—Neuroaxonal dystrophy. Top, Numerous spheroid bodies in the 
nucleus gracilis of case 1 (hematoxylin-eosin/Luxol fast blue, X325). 
Center, Spheroid body stained by Glees method to demonstrate its ax- 
onal nature (X680). Bottom, Bizarre reactive glial cells stained with an- 
tibodies to glial fibrillary acidic proteins (X680). 


loss and NAD are not features of 
familial idiopathic calcification of the 
basal ganglia. 

Neuroaxonal dystrophy suggests vi- 
tamin E deficiency since spinocerebel- 
lar degeneration has been reported 
in association with vitamin E defi- 
ciency’? and experimental induction 
of vitamin E deficiency in rats pro- 
duces lesions in the nucleus gracilis 
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and cuneatus similar to those seen in 
this family.” However, vitamin E lev- 
els in four living affected family mem- 
bers were normal. Also areflexia is a 
striking clinical feature of vitamin E 
deficiency. Deep tendon reflexes in the 
present family were always present 
and frequently hyperactive. 
Neuroaxonal dystrophy is also a fea- 
ture of Hallervorden-Spatz disease 


Pe > ee yr T aes ax: © — . 





and several other hereditary disor- 
ders.'* However, this is not the clinical 
picture of Hallervorden-Spatz disease. 
There was no evidence of pigment dep- 
osition and there is much more exten- 
sive NAD in Hallervorden-Spatz dis- 
ease than in this family. 
Demyelination of the centrum semi- 
ovale suggests a cause for the demen- 
tia. Senile dementia of the Binswanger 
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Fig 8.—Case 1. Diffuse rarefaction of the cen- 
trum semiovale (arrows). Caudate nucleus is of 
normal convexity. Corpus striatum is not 
grossly shrunken or pigmented. 


type is a purely white matter disease.'® 
There was no evidence of vascular dis- 
ease, apart from perivascular calcifi- 
cation in the globus pallidus, in these 
patients. The dementia of acquired 
immunodeficiency syndrome enceph- 
alopathy is also due to white matter 
disease. There were no focal abnor- 
malities to explain the diffuse demy- 
elination of the centrum semiovale, 
and it must be presumed that it is due 
to the same metabclic defect that 
caused the other lesions seen in these 
two patients. 

The symptoms of progressive chorea 
and dementia suggest the diagnosis of 
Huntington’s disease. However, CT 
scans, magnetic resonance imaging 
scans, and the pathologic findings did 
not show caudate atrophy or other 
findings consistent wich this diagnosis. 

Wilson’s disease was excluded by the 
autosomal dominant inheritance, the 
elevated serum copper levels, high nor- 
mal serum ceruloplasmin levels, nor- 
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Fig 9.—Case 2. Severe demyelination of the lateral corticospinal tract (arrow) (hematoxylin- 
eosin/Luxol fast blue, X25). Inset shows large reactive glia (hematoxylin-eosin/Luxol fast blue, 
X325). 


mal liver enzymes, absence of Kayser- 
Fleischer rings, and the absence of 
those CT changes often seen in 
Wilson’s disease.” 
Gerstmann-Straussler syndrome is 
a form of chronic cerebellar ataxia as- 
sociated with dementia, but the dis- 
tinctive neuropathologic feature of 
Gerstmann-Straussler syndrome is 
the presence of large numbers of amy- 
loid plaques throughout the brain." 
Mitochondrial myopathy with ragged 
red fibers has been associated with 
spinocerebellar disease, myoclonus, 
epilepsy, and optic atrophy. A muscle 
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Memory Following Intracarotid Amobarbital Injection 
Contralateral to Hippocampal Damage 


Rebecca Rausch, PhD; Thomas L. Babb, PhD; Jerome Engel, Jr, MD, PhD; Paul H. Crandall, MD 


èe We examined the relationship be- 
tween memory performance and hippo- 
campal damage in temporal lobe epilep- 
tics undergoing the intracarotid amobar- 
bital sodium procedure (IAP). Overall 
memory performance n the course of IAP 
was correlated with seizure lateralization. 
The hemisphere of seizure focus had im- 
paired IAP memory in 63% (19/30) of the 
patients. The IAP memory performance 
following perfusion of the hemisphere 
contralateral to severe hippocampal le- 
sions was impaired in five of six patients. 
These patients also exhibited hypometab- 
olism of the impaired temporal lobe as de- 
termined independently by positron emis- 
sion tomography. The single patient with a 
severely damaged hiopocampus who did 
not demonstrate IAP memory impairment 
with contralateral hemisphere injection 
did not exhibit perfusion of the ipsilateral 
posterior cerebral artery with amobarbital. 
Memory performance following intra- 
carotid amobarbital injection contralateral 
to a less severely damaged hippocampus 
was impaired in 14 of 24 patients and was 
not related to extent of hippocampal dam- 
age, temporal lobe hypometabolism of la- 
beled glucose, perfusion of the ipsilateral 
posterior cerebral artery, hemispheric lan- 
guage dominance, or order of injection. 
These results indicate that impaired mem- 
ory performance during IAP may reflect 
severe hippocampal damage and/or epi- 
leptogenic abnormaiity. 

(Arch Neurol. 1989;46:783-788) 
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The intracarotid amobarbital proce- 

dure (IAP) is used in many surgical 
epilepsy programs for prognostic and 
diagnostic purposes.' The procedure 
was first introduced to determine the 
hemispheric locus of language 
dominance.*® The clinical utility of 
IAP was extended in 1962 when Milner 
et al* recommended using the proce- 
dure to identify temporal lobe surgical 
candidates at risk for global amnesia. 
Unilateral temporal lobe surgery is 
usually associated with selective mem- 
ory deficits*’; however, there is risk for 
global amnesia if the contralateral 
temporal lobe is dysfunctional.’ Thus, 
it was hypothesized that the IAP, by 
pharmacologically disrupting the pro- 
posed surgical hemisphere, could iden- 
tify those patients who would be at 
risk for a postoperative amnesia. 

In 1981, Engel et al proposed the 
use of the IAP as a diagnostic aid to 
assist lateralization of the primary 
epileptogenic region in temporal lobe 
epileptics. Hemispheric memory com- 
petence documented during the IAP 
was found to correlate with lateraliza- 
tion of the seizure focus. Specifically, 
the hemisphere containing the pri- 
mary epileptogenic region was found 
to be functionally impaired as indi- 
cated by IAP memory performance 
following injection of the contralateral 
nonepileptogenic hemisphere. Others 
have reported similar relationships 
between lateralized temporal lobe ep- 
ilepsy and memory disturbance during 
the IAP.*"! 

Measures of functional asymmetry 
of the hemispheres in temporal lobe 
epilepsy have not been limited to the 
IAP. Positron emission tomography 
(PET) has been particularly reliable 
in demonstrating asymmetric glucose 
metabolism, with the temporal lobe 
containing the primary epileptogenic 
region displaying hypometabolism of 


glucose interictally.'* To our knowl- 
edge, the relation between the func- 
tional asymmetry demonstrated by 
the IAP and by the PET scan is not 
known. 

Hemispheric memory competence 
as assessed by the IAP seems to reflect 
the relative integrity of the hippocam- 
pus. For example, one patient (whose 
case was reported by Penfield and 
Milner’) who had undergone temporal 
lobectomy and subsequently had post- 
surgical amnesia(s) develop was found 
at autopsy’ to have damage limited 
primarily to the hippocampus (ie, in 
the nonsurgical temporal lobe). More- 
over, it is well known that a common 
abnormality of temporal lobe epilepsy 
is hippocampal sclerosis.” Since hip- 
pocampal cell loss is now documented 
to adversely affect memory,'*?! mem- 
ory testing via the IAP may well prove 
important in helping to identify poten- 
tial hippocampal damage underlying 
the epileptic abnormality. 

This study addresses the effective- 
ness of the IAP to detect hippocampal 
damage in intractable temporal lobe 
epileptics. In particular, we evaluated 
IAP memory performance following 
perfusion of the brain hemisphere con- 
tralateral to that with hippocampal 
damage. Quantification of hippocam- 
pal damage was determined following 
surgical removal of the temporal lobe. 
Moreover, we also evaluated the possi- 
ble contribution to IAP memory per- 
formance of factors such as hemi- 
spheric language dominance, hemi- 
spheric order of injection, perfusion of 
the ipsilateral posterior cerebral ar- 
tery (PCA), and the presence or ab- 
sence of asymmetric glucose metabo- 
lism. 


SUBJECTS AND METHODS 


The subjects included 30 patients with 
medically intractable complex partial sei- 
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zures. These patients had no known struc- 
tural lesions responsible for their epilepsy. 
All patients had seizure onsets localized to 
one temporal lobe and subsequently under- 
went standard anterior temporal lobecto- 
mies. Of the 30 subjects, 13 patients had 
seizures originating from the left temporal 
lobe and 17 patients had right-sided foci. 
All patients had electroencephalographic 
(EEG) telemetry as the basis of their elec- 
trophysiological diagnosis. Localization 
was assisted by depth (n = 25), subdural 
grid implants (n = 1), or standard surface 
recordings (n=4) of spontaneous 
seizures.” All patients showed a predomi- 
nance of their epileptiform activity, more 
specifically, ictal onset, in their resected 
temporal lobe. In accordance with guide- 
lines established by the National Institutes 
of Health (Bethesda, Md), patients were 
fully informed about the procedures to be 
used and gave consent after undergoing in- 
terviews and examining consent forms ap- 
proved by the Human Subject Protection 
Committee of the UCLA Center for the 
Health Sciences, Los Angeles, Calif. Vari- 
ous clinical characteristics of the patients 
are given in Table 1. 


IAP 


All patients underwent the IAP as part of 
their preoperative workup. No complex par- 
tial seizure occurred 12 hours prior to and 
no generalized seizure occurred 24 hours 
prior to the IAP. Throughout the procedure, 
simultaneous EEG recordings were ob- 
tained. In the hemisphere contralateral to 
the injection, no drug-induced epileptiform 
activity or EEG slowing occurred that in- 
terfered with behavior testing. Using fluo- 
roscope guidance, percutaneous transfemo- 
ral catheterization of the internal carotid 
artery was performed under local anesthe- 
sia by a neuroradiologist. A solution of 125 
mg of amobarbital sodium in 10 mL of nor- 
mal saline was injected into each hemi- 
sphere over approximately 4 seconds with a 
minimum 30-minute interinjection delay. 
Order of injection was randomized. 

Prior to the injection, baseline language 
and memory assessments were performed.” 
Following the injection, critical memory 
items were presented during the period of 
drug-induced unilateral EEG slowing and 
unilateral hemiparesis. The latter items 
included those stimuli regarded as func- 
tionally appropriate for the noninjected 
hemisphere. For example, three pictures of 
common objects and a geometric shape that 
could be encoded by multiple modalities 
were used to assess the functional integrity 
of either hemisphere. However, verbal 
items were not considered critical for as- 
sessing the nondominant hemisphere after 
injection of the language-dominant hemi- 
sphere. Memory for critical items was ex- 
amined approximately 15 minutes after 
each injection (ie, after return of behavior 
and EEG to baseline). Spontaneous recall of 
the events was examined first. Then, recog- 
nition memory for the items was tested us- 
ing a multiple choice array of both memory 
items and foils. For this study, [AP memory 
performance was scored as pass-fail. A pass 
score was recall or recognition of at least 
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Table 1.—Clinical Characteristics of 
Patients 


Gender distribution 
M (n) 
F (n) 
Handedness 
L (n) 
R (n) 
Hemispheric language dominance 
L (n) 29 
R (n) 1 
WAIS * Full-Scale IQ 
Mean + SD 
Seizure onset 
L temporal lobe (n) 13 


99.60 + 12.15 


R temporal lobe (n) 17 

Age at testing, y 
Mean + SD 

Age at first seizure, y 
Mean + SD 

Age at onset of habitual seizures, y 


28.80 + 8.81 
7.43 + 7.10 


Mean + SD 11.60 + 7.41 
Complex partial seizure frequencyt 
>3/wk 11 
1-3/wk 16 
4/y to 3/mo 3 
Generalized seizure frequencyt 
>3/wk 
1-3/wk 
4/y to 3/mo 
1-3/y 
None 
*WAIS indicates Wechsler Adult Intelligence 
Scale. 
+Seizure characteristics of patients are based on 
the year prior to surgery. 





67% of critical items. With the present 
procedure, the chance probability of a pass 
is .058 or less. 


Cerebral Angiogram Perfusion Pattern 


Since the PCA perfuses two thirds of the 
hippocampus, the relative filling of the PCA 
after ipsilateral internal carotid injection 
was also evaluated. Automated angiograms 
were used to estimate the perfusion pat- 
tern. The rate of injection of angiographic 
contrast is higher (eg, 7 mL/s) than that of 
amobarbital (eg, 2.5 mL/s). Thus, the an- 
giogram provided a relatively conservative 
estimate of the diffusion. 


Surgical Procedure 


A standard en bloc anterior temporal 
lobectomy™?> was performed on each pa- 
tient. To avoid dysphasic complications, the 
lateral excision was smaller on the left (ap- 
proximately 5.5 cm from the anterior tem- 
poral tip) than on the right (approximately 
6.0 cm). The resection included the uncus, 
the lateral cortex, the hippocampal gyrus, 
two thirds of the amygdala, and approxi- 
mately 3.0 cm of the hippocampus. The 
amount of hippocampus removed was the 
same for both hemispheres. 


Quantification of Abnormality 


In this study, representative tissue sam- 
ples from both the anterior and posterior 
hippocampus (which included Ammon’s 
horn [CA,, CA, CA;, and CA,] and prosub- 
iculum) were submitted for quantitative 





Fig 1.—Schematic of the hippocampus with 
the neuronal density of the following regions 
quantified: CA,, CA;, CA2, CA,, and prosubicu- 
lum (PRO). Neuronal counts from the anterior 
and posterior planes were averaged. 


analyses (compare with Fig 1). Volumetric 
cell densities of the hippocampus were com- 
puted by counting the somata (pyramidal 
cells) using a grid sampling technique.” 
Magnified neurons within the grid were 
counted, corrected for areal density, and 
then corrected for volumetric density using 
the Abercrombie” correction for section 
thickness. For normal cell-count compari- 
sons, four nonepileptic temporal lobes were 
obtained at autopsy from patients with no 
history of neurological disease.” 

Neuron loss was expressed as percent re- 
duction from controls. For each patient, a 
representative measure of hippocampal cell 
loss was obtained by averaging the hippo- 
campal subfields (CA, through CA, and 
prosubiculum) within one plane and for 
most analyses results were then averaged 
across the anterior and posterior planes. 
Patients were divided into two primary 
groups: those with severe hippocampal 
damage or greater than 80% neuron loss 
and those with less than severe hippocam- 
pal damage or less than 80% neuron loss 
(Fig 2). One patient (case 118) included in 
the patient group with severe hippocampal 
damage did not have quantitative hippo- 
campal neuron counts. However, the latter 
surgical report indicated that the hippo- 
campus was sclerotic and adherent to the 
lateral ventricle. Hence, the tissue could not 
be removed safely by blunt dissection and it 
was suctioned. 


PET 


Positron emission tomography was per- 
formed on all 30 patients with a positron 
tomograph (ECAT or NeuroECAT, ORTEC, 
Ine, Life Sciences, Oak Ridge, Tenn) using 
fludeoxyglucose F 18 as an indicator of ab- 
normalities in local cerebral glucose 
metabolism.” Scans were interpreted as 
demonstrating temporal lobe hypometabo- 
lism if two or more consecutive planes ex- 
hibited relative hypometabolism of the in- 
volved temporal lobe.'*!> Patients with hy- 
pometabolism in the temporal lobe 
ipsilateral to the side of seizure focus were 
classified as asymmetric and the remainder 
were classified as symmetric. No patient 
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Fig 2.—High-power photomicrographs of the CA, hippocampal regions of three patients. Patient 199 showed severe neu- 
ron loss in both the anterior (A) and posterior (B) sections of the hippocampus. Intracarotid amobarbital procedure mem- 
ory following injection of the hemisphere contralateral to this damage was impaired. Patient 111 also showed severe hip- 
pocampal damage in both the anterior (C) and posterior (D) hippocampus. Intracarotid amobarbital procedure memory 
performance was not impaired with injection contralateral to the damage. In this patient, the ipsilateral posterior cerebral 
artery did not fill; thus the contralateral hippocampus was most likely inadequately perfused. Patient XVI showed minimal 
hippocampal loss in both the anterior (E) and posterior (F) sections of the hippocampus. Intracarotid amobarbital proce- 
dure memory was not impaired with injection contralateral to this hippocampus. Calibration bar, 20 um. P indicates py- 
ramidal cells; a, astrocytes (hematoxylin-eosin). 


demonstrated hypometabolism contralat- 
eral to the side of seizure focus. 


RESULTS 
IAP Memory and Side of Seizure Focus, 
Hemispheric Language Dominance, 
Injection Order, PET Asymmetry, and 
PCA Perfusion 


The IAP memory performance of 
the 30 patients was highly related to 
the hemispheric side of seizure focus 
(Fisher’s Exact Probability Test, 
P = .00000). Of the 30 patients, 63% 
(19/30) failed IAP memory testing fol- 
lowing injection of the hemisphere 
contralateral to the epileptogenic 
hemisphere, while no patient failed 
the IAP memory test following injec- 
tion of the epileptogenic hemisphere. 
In regard to the latter finding, IAP 
memory testing is used in this patient 
population as a prognostic indicator 
and IAP memory failure with injection 
of the epileptogenic hemisphere would 
have jeopardized the surgery. To con- 
trol for this bias in the analyses, the 
data were reexamined with inclusion 
of results from the two patients from 
our program who were not recom- 
mended for surgery based in part on 
the IAP memory results. The relation- 
ship of side of seizure focus and IAP 
memory performance remained highly 
significant (Fisher’s Exact Probability 
Test, P = .00000). 

The IAP memory performance did 
not significantly relate to hemispheric 
language dominance, order of injec- 
tion (ie, epileptogenic vs nonepilepto- 
genic hemisphere injected first), PET 
asymmetry, or PCA perfusion (x? 
tests, all Ps > .10). 


IAP Memory Performance Following 
Injection of the Hemisphere 
Contralateral to Severe Hippocampal 
Sclerosis (>80% Neuron Loss) 


Five of the six patients with severe 
hippocampal damage failed IAP mem- 
ory testing following injection of the 
hemisphere contralateral to hippo- 
campal damage (Binomial Test, 5/6, 
P = .016, one-tailed: compare with Ta- 
ble 2). Glucose hypometabolism of the 
epileptic temporal lobe was docu- 
mented in five of six patients (Binomial 
Test, 5/6, P = .016, one-tailed). The one 
patient with severe abnormality and a 
PET scan without clear evidence of 
hypometabolism had one of the first 
such scans performed at our center. 
The scan had less resolution than those 
of subsequent patients in this study. 
Hence, the apparent normal results 
may be a consequence of inadequate 
resolution available at that time. 

The patient who passed the IAP 
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memory test following hemisphere in- 
jection contralateral to severe hippo- 
campal abnormality differed from 
similar patients only in that his PCA 
did not perfuse during the standard 
angiography, indicating a failure to 
perfuse the same artery during the 
IAP. This patient did not differ from 
other patients with severe hippocam- 
pal abnormalities in regard to lan- 
guage dominance of the epileptogenic 
hemisphere or hemispheric order of 
injection (x? tests, Ps > .10). 


IAP Memory Performance Following 
Injection of the Hemisphere 
Contralateral to Less Than 80% 
Hippocampal Neuron Loss 


The IAP memory performance in 
patients with less than 80% neuron 
loss was related to the side of seizure 
focus. Fourteen (58%) of the 24 pa- 
tients failed memory testing with per- 
fusion of the hemisphere contralateral 
to the epileptogenic hemisphere 
(Fisher’s Exact Probability Test, 
P = .00000: compare with Table 3). 

Within this patient group with less 
than severe hippocampal damage, per- 
formance on the IAP memory test was 
not related to the degree of hippocam- 
pal damage in the hemisphere con- 
tralateral to the injection (Wald-Wol- 
fowitz Runs Test,” [7(10,14) = 12, 
P > .05]). The IAP memory perfor- 
mance was not related to either hemi- 
spheric language dominance or order 
of injection (x? tests, Ps > .10). Also, 
neither PET asymmetry nor PCA per- 
fusion during the angiogram corre- 
lated with IAP memory testing 
(Fisher’s Exact Probability Tests, 
P = .2332 and P = .4060, respectively). 
Furthermore, various multiple combi- 
nations of these variables did not dif- 
ferentiate IAP memory performances 


(Fisher’s Exact Probability Tests, all 
Ps > 10). 


IAP Memory Performance and 
Distribution of Cell Loss 


To determine whether anatomic dis- 
tribution of cell loss within the hip- 
pocampus affected IAP memory per- 
formance, the patients were divided 
into the following two groups: (1) 
marked cell loss (ie, >75% reduction 
from controls) in both the anterior and 
posterior planes of the hippocampus or 
(2) marked cell loss in either the ante- 
rior or the posterior plane. Analyses 
were restricted to those patients in 
whom the ipsilateral PCA was per- 
fused. All four patients with marked 
damage in both the anterior and pos- 
terior hippocampus failed the IAP 
memory test with contralateral hemi- 
spheric injection. Only 6 (55%) of 11 
patients with marked damage limited 
to either but not both the anterior or 
the posterior hippocampus failed IAP 
memory testing (x? test, P > .05 but 
<.10). There was no relation between 
IAP memory performance and ante- 
rior or posterior neuron loss, indicat- 
ing that either the anterior or the pos- 
terior hippocampus may be able to 
support memory independently. 


COMMENT 


This investigation shows that IAP 
memory performance correlates sig- 
nificantly with the hemispheric side of 
seizure focus in a select group of pa- 
tients (19 of 30) with intractable com- 
plex partial seizures. Sixty-three per- 
cent of patients who underwent tem- 
poral lobe surgery for epilepsy 
exhibited preoperatively impaired 
IAP memory performance with injec- 
tion of the brain hemisphere con- 
tralateral to their respective sides of 
seizure focus. None of the latter pa- 


Table 2.—Intracarotid Amobarbital Procedure (IAP) Memory Performance After 
Injection of the Nonepileptogenic (NEp) Hemisphere Contralateral to 
Severe Hippocampal Damage 


% Neuron 
Loss* 


IAP Memory 
Performance 


Fail 
133 Fail 
204 Fail 
111 92.5 Pass 
118 100 Fail 


* Percent reduced from normal controls. 
tF indicates fills; NF, does not fill. 


ipsilateral Posterior PET 
Cerebral Arteryt 


Order of Language 


Scant Injectiont Dominance|| 





PET indicates positron emission tomographic. Hemisphere glucose metabolism is symmetric (S) or asym- 
metric (A) and epileptogenic temporal lobe is hypometabolic. 


§NEp hemisphere is injected first (1) or second (2). 


|NEp hemisphere is language dominant (LD) or not language dominant (NLD). 
{Patient 118's PET scan was of lower resolution than scans of other patients. 
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Patient No. Loss* Performance 
190 17.5 Fail 
193 18 Fail 
XVI 29.5 Pass 
211 32.5 Pass 
144 53 Fail 
210 563.5 Pass 
170 60 Fail 
182 62.5 Fail 
t75 62.5 Fail 
XVIII 65.5 Fail 
206 66 Fail 
113 68.5 Pass 
194 69.5 Fail 
176 70 Pass 
214 70.5 Pass 
143 71 Fail 
209 71.5 Pass 
180 71.6 Pass 
205 74 Fail 
XIII 74 Fail 
XX 75.5 Pass 
202 75.5 Fail 
169 77 Pass 


*Percent reduced from normal controls. 


Table 3.—Intracarotid Amobarbital Procedure (IAP) Memory Performance After Injection 
of the Nonepileptogenic (NEp) Hemisphere Contralateral to Less Than Severe 
Hippocampal Damage 


IAP Memory Ipsilateral Posterior 
Cerebral Artery+ 


F S 1 LD 
F S 1 LD 
F A 2 NLD 
NF S 1 NLD 
NF S 1 LD 
z S 1 NLD 
F S 1 LD 
? A 2 LD 
F A 2 NLD 
F A 1 LD 
F A 2 LD 
NF A 2 LD 
? A 1 LD 
F A 2 LD 
F A 2 LD 
F A 2 NLD 
F S 2 NLD 
F S 1 LD 
NF A 2 LD 
F A 2 NLD 
F S 1 LD 
F S 2 

F S 2 














PET Order of Language 
Scanł Injections Dominance|| 











tF indicates fills; NF, does not fill; and ?, not available. 
PET indicates positron emission tomographic. Hemisphere glucose metabolism is symmetric (S) or asym- 
metric (A) and epileptogenic temporal lobe is hypometabolic. 


§NEp hemisphere is injected first (1) or second (2). 


|NEp hemisphere is language dominant (LD) or not language dominant (NLD). 


tients failed IAP memory testing with 
hemispheric injection ipsilateral to 
the side of seizure focus. Since IAP 
memory testing is used for surgical 
prognosis in our program,” ipsilateral 
IAP memory failure is generally used 
as a major criterion to exclude surgical 
intervention. Nevertheless, when the 
analyses were extended to include two 
patients who were excluded from sur- 
gery owing, in part, to IAP memory 
results, the strong relation between 
IAP memory failure and contralateral 
seizure focus remained unchanged. 
Hence, these findings support the orig- 
inal proposal of Engel et al!° that IAP 
memory performance provides reli- 
able information on hemispheric lat- 
eralization of seizure focus in temporal 
lobe epilepsy. 

The current study also provides ev- 
idence that a severely damaged hip- 
pocampus is unable to support IAP 
memory functions when the contralat- 
eral hemisphere is temporarily ab- 
lated. Five of six petients with hippo- 
campal neuron loss of more than 80% 
failed the [AP memory component fol- 
lowing injection contralateral to the 
severe hippocampal damage. Interest- 
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ingly, these patients also presented 
with relative hypometabolism of glu- 
cose in the affected temporal lobe. The 
latter provided additional data that 
the respective hippocampal areas were 
not functionally intact. 

One patient with severe hippocam- 
pal damage passed the IAP memory 
component following injection of the 
contralateral hemisphere. He was dis- 
tinguished from others in this sub- 
group because his ipsilateral PCA did 
not exhibit perfusion during the IAP. 
Thus, we infer that at least the poste- 
rior section of the hippocampus was 
not directly affected by amobarbital, 
leaving a significant portion of hippo- 
campus potentially functional. This 
finding suggests that, in selected cases 
(ie, those patients whose ipsilateral 
PCA is not perfused with the IAP in- 
jection), the capability of the IAP to 
detect severe hippocampal damage in 
the contralateral hemisphere may be 
compromised. 

Our data further indicate that 
marked cell loss limited to either the 
anterior or posterior plane of the hip- 
pocampus is not sufficient to predict 
IAP memory failure with contralat- 
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eral hemispheric injection. Consistent 
IAP memory failure is found only in 
those patients with marked damage 
extending throughout the hippocam- 
pus. This finding confirms our recent 
report that extensive cell loss through- 
out the left side of the hippocampus 
was necessary to disrupt a hippocam- 
pal-dependent task involving delayed 
recall of word pairs.” That report and 
the present study indicate that dam- 
age restricted to either the anterior or 
posterior section of the hippocampus is 
not sufficient to consistently disrupt 
function markedly. 

In the group of patients with less 
than severe hippocampal damage (ie, 
<80% neuron loss), IAP memory per- 
formance also provided significant in- 
formation on lateralization of seizure 
focus. In this latter patient group, 
however, IAP memory performance 
was not related to the degree of hip- 
pocampal damage. Several patients 
with minimal hippocampal damage 
failed IAP memory testing on con- 
tralateral injection, while patients 
with more marked damage passed the 
IAP memory component. 

Intracarotid amobarbital procedure 
memory performance in patients with 
severely damaged hippocampal areas 
most likely reflects the dysfunctional 
neural tissue. On the other hand, in 
patients with less than severely dam- 
aged hippocampal regions, the under- 
lying mechanism of IAP memory per- 
formance is less clear. Although IAP 
memory in this latter group does not 
derive from gross anatomic loss within 
the hippocampus, it may relect the 
functional integrity of the affected 
hippocampal tissue. For example, post- 
ictal depression of focal neuronal sys- 
tems is known to occur following focal 
seizure activity. It is possible that re- 
cent temporal lobe seizures in selected 
patients may have contributed to a 
temporary functional paralysis of the 
otherwise anatomically intact hippo- 
campus. In our studies, seizure activity 
was not observed 12 hours prior to the 
IAP. Correlation of seizure recency 
beyond that period with IAP memory 
performance is being investigated. 

It is important to determine 
whether IAP memory failure identi- 
fies patients at risk for an amnesic 
syndrome. In the severely damaged 
patient group, one would predict that 
the extent of neuron loss observed in 
the hippocampus would prevent effi- 
cient memory functioning. Penfield 
and Mathieson’ previously reported 
on the autopsy of a patient who had 
become amnesic following unilateral 
temporal lobe surgery. In that patient, 
damage in the nonoperated-on hemi- 
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sphere was primarily limited to the 
hippocampus and appeared compara- 
ble to our “severe hippocampal dam- 
age” grouping. Thus, poor IAP mem- 
ory performance in patients with a se- 
verely damaged hippocampus appears 
to indicate a significant risk for amne- 
sia. In patients with less severely dam- 
aged hippocampus, the basis for the 
poor IAP memory performance is 
more speculative. Nevertheless, since 
poor IAP memory performance has 
already been associated with a postop- 
erative amnesic syndrome,” we regard 
all poor IAP memory performances as 
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indicative of significant surgical risk 
to global memory. 

In summary, this study shows that 
the diagnostic and prognostic uses of 
the IAP extend beyond a capability to 
identify gross structural damage. The 
procedure is sensitive in differentiat- 
ing the hemispheric side of seizure fo- 
cus in patients with severe and less 
than severe hippocampal damage. Al- 
though IAP memory failure correlates 
with anatomic defects of the contralat- 
eral hippocampus in patients with 
“severe” damage, the latter relation is 
not found for those with “less than 
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Central Nervous System Manifestations 


of Lyme Disease 


Andrew R. Pachner, MD; Paul Duray, MD; Allen C. Steere, MD 


@ We studied six patients with central 
nervous system manifestations of Lyme 
disease. Weeks to years after the initial 
infection, behavioral changes, ataxia, 
and/or weakness in bulbar or peripheral 
muscles developed. Four of the six pa- 
tients had alymphocytic pleocytosis in the 
cerebrospinal fluid, and two of them had 
magnetic resonance imaging scans sug- 
gestive of demyelination. In a patient with 
a subacute encephalitis, a brain biopsy 
specimen showed microgliosis without an 
inflammatory infiltrate and spirochetes 
morphologically compatible with Borrelia 
burgdorferi. All six patients had elevated 
antibody titers to B burgdorferi in serum, 
but none had selective concentration of 
specific antibody in the cerebrospinal 
fluid. All six patients were treated with 
high-dose intravenous penicillin; four had 
complete recoveries and two did not. 
Lyme disease may affect the central ner- 
vous system causing organic brain dis- 
ease or syndromes suggestive of demyeli- 
nation. 

(Arch Neurol. 1989;46:790-795) 


Lyme borreliosis, which occurs 

worldwide,' is a multisystem dis- 
ease caused by a tick-transmitted spi- 
rochete Borrelia burgdorferi. During 
stage 1, many patients in America 
have headache and mild meningism 
that is not accompanied by a spinal 
fluid pleocytosis.* However, about 15% 
of patients progress to stage 2, neuro- 
logic involvement, that consists pri- 
marily of lymphocytic meningitis, cra- 
nial neuritis, or radiculoneuritis.*’ In 
most instances, such symptoms re- 
solve within months. Similarly, the 
most common manifestation of this 
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illness in Europe—Bannwarth’s syn- 
drome, also called tick-borne menin- 
gopolyneuritis—affects primarily the 
peripheral nervous system and usually 
resolves completely.2’ Arthritis and 
the skin lesion acrodermatitis have 
been the most commonly recognized 
manifestations of the disease in stage 
3, months to years after the initial in- 
fection. 

At first it was unclear whether Lyme 
disease affected the central nervous 
system (CNS). In our initial study, half 
of the patients with stage 2 Lyme 
meningitis also had mild encephalo- 
pathy, and one had an equivocal Ba- 
binski sign.’ However, it was uncertain 
whether all of these symptoms might 
simply be explained by meningeal ir- 
ritation from a highly inflammatory 
meningitis. Recent case reports" in 
the American and European literature 
describe patients who have had CNS 
abnormalities—encephalitis, spastic 
paraparesis, ataxia, or myelitis— 
sometimes associated with more typi- 
cal stage 2 neurologic manifestations 
of Lyme disease, and in some in- 
stances, the course of the disease was 
progressive and led to permanent neu- 
rologic deficit. 

We report herein the clinical char- 
acteristics of a group of six US resi- 
dents with CNS abnormalities of Lyme 
disease, mostly in the third stage; in 
some of these patients, CNS abnormal- 
ities began years after the initial in- 
fection and/or were the only manifes- 
tation of the disease. In one of them, 
parenchymal infiltration of the brain 
by the causative spirochete was docu- 
mented. These patients, whose condi- 
tions were often difficult to diagnose, 
were initially thought to have viral 
encephalitis, primary psychiatric ill- 
ness, CNS malignant neoplasm, or 
multiple sclerosis. It is particularly 
important to make the correct diagno- 
sis since Lyme borreliosis is often 
treatable by appropriate antibiotic 
therapy. 


PATIENTS AND METHODS 


Between 1982 and 1985, two of the six pa- 
tients in this report had CNS syndromes 
develop while participating in a prospective 


study of Lyme disease at Yale University, 
New Haven, Conn; three others were re- 
ferred for evaluation of neurologic abnor- 
malities, and the final patient had her case 
reported to us by a New Jersey physician. 
All patients were from areas in Connecti- 
cut, Massachusetts, or New Jersey, highly 
endemic for Lyme disease. The diagnosis of 
definite CNS involvement due to Lyme dis- 
ease was based on the presence of the 
following: (1) CNS abnormalities without 
another documented cause; (2) a consis- 
tently positive IgG serologic test for B 
burgdorferi in the serum; (3) a lymphocytic 
pleocytosis in the cerebrospinal fluid (CSF); 
and (4) a therapeutic response to intrave- 
nous penicillin or ceftriaxone administra- 
tion. 

Supporting data included past or present 
symptoms of Lyme disease in other organ 
systems. Possible CNS Lyme disease was 
diagnosed in patients who met all the above 
criteria but one: ie, patients 4 and 5 had no 
CSF pleocytosis and patients 5 and 6 had no 
response to intravenous penicillin therapy. 

Five of the patients were examined and 
treated in the Clinical Research Center at 
Yale University according to protocol 1125, 
approved by the Human Investigations 
Committee, Yale University. Diagnostic 
evaluation included a lumbar puncture, 
complete blood cell count, erythrocyte sed- 
imentation rate (Wintrobe uncorrected), 
VDRL, and, in most cases, an electroen- 
cephalogram, computed tomography (CT), 
and/or magnetic resonance imaging (MRI) 
of the brain. In addition to the standard 
protocol, a brain biopsy was done in one pa- 
tient. The tissue was cultured for B burg- 
dorferi in modified Kelly’s medium’ and 
was stained with hematoxylin-eosin and 
the Dieterle silver! for histologic examina- 
tion. In addition, his peripheral blood and 
CSF lymphocytes were tested with B burg- 
dorferi antigens in a proliferative assay, as 
previously described.” The six patients 
were treated with intravenous penicillin, 10 
to 20 million units per day in divided doses 
for 10 to 14 days. After hospital discharge, 
all patients were seen or contacted by tele- 
phone in follow-up through January 1, 1988, 
the cutoff time for this study. 

Specific IgM and IgG antibody titers to B 
burgdorferi were determined by enzyme- 
linked immunosorbent assay in serum, as 
previously described.” After the microtiter 
plates were coated with a 0.015-mg/mL so- 
lution of Lyme spirochetal proteins, 0.2-mL 
aliquots of serum (1:100) samples were 
added to the wells in triplicate followed by 
incubations with anti-human IgM or IgG 
alkaline phosphatase (Sigma Chemical Co, 
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Table 1.—Laboratory Findings * 


CSF CSF 
Patient TNC X10®-L Protein, g/L 
1 40 0.21 
2 405 4.81 
3 26 0.75 
4 





IgG/alb Oligoclonal 
Ratio Bands MBP VER 
0.19 None Neg N 
ND ND ND ND 
0.17 1 Neg N 


IgG Antibody 
to Borrelia 


CT EEG MRI burgdorferi, U 
N mod.sl. N 400 
N ND Abn 1600 
N N ND 3200 
N 


* CSF indicates cerebrospinal fluid; TNC, total nucleated cells; MBP, myelin-basic protein; EEG, electroencephalogram; VER, visual evoked responses; CT, computed 
tomography; MRI, magnetic resonance imaging; N, normal; ND, not done; Abn, areas of low density resembling multiple sclerosis plaques; and neg, negative. 





CNS disease without other 


cause + 
Positive anti-Borrelia burgdorferi 

serologic study + 
Residence in endemic area + 
Biopsy specimen or culture positive + 


Other manifestations of Lyme disease 


(ECM, Lyme meningitis, arthritis) — 
CSF pleocytosis + 


Definite response to IV penicillin 


therapy + 


* CNS indicates central nervous system; ECM, erythema chronicum migrans; CSF, cerebrospinal fluid; IV, in- 
travenous; plus sign, present and minus sign, absent. 


St Louis, Mo) and then p-nitrophenyl phos- 
phate (Sigma Chemical Co). The cutoff op- 
tical densities for IgM (0.160 in serum) and 
for IgG (0.200 for serum) were 2 SDs above 
the mean optical density of eight normal 
control serum samples, also included on the 
same plate. These optical densities were 
defined as an antibody response of 100 U in 
serum. To calculate the antibody response, 
the absorbance value of each unknown sam- 
ple at a dilution of 1:100 was compared with 
standard curves made from eight twofold 
dilutions of known positive serum. Absor- 
bance values at a 1:100 dilution then as- 
signed a predicted end-point dilution based 
on comparison with the standard curve of 
known positive standards. Positive sero- 
logic studies, obtained iritially at Yale Uni- 
versity, were confirmed in the Lyme Serol- 
ogy Laboratory at Georgetown University 
Hospital, Washington, DC, by end-point di- 
lutions. The end point of a given serum 
sample was the dilution at which the mean 
of the absorbances at that dilution in the 
enzyme-linked immunosorbent assay was 
more than 3 SDs above the mean of a bat- 
tery of normal controls at the same dilu- 
tion. In all cases, the Geergetown end-point 
dilution revealed identical or higher values 
than the Yale test. In addition, to determine 
whether there was seleetive concentration 
on specific antibody in CSF, the serum 
sample was diluted to the same concentra- 
tion of total IgG as the 1:10 dilution of CSF, 
both samples were tested in triplicate on 
the same plate, and the absorbance value in 
serum was divided by that in CSF. Selective 
concentration of CSF-specific antibody was 
considered present wh2n absorbances of 
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CSF were higher than for the serum at the 


adjusted dilution. 
REPORT OF CASES 


The following six cases demonstrate the 
wide range of CNS abnormalities associ- 
ated with Lyme disease. The first three pa- 
tients fulfilled all diagnostice criteria for 
CNS involvement due to Lyme disease. In 
the remaining three, other causes of CNS 
involvement could not be excluded with 
certainty, and two of these patients did not 
respond to antibiotic therapy. Therefore, 
we have classified them as having possible 
CNS Lyme disease. 


Cases of Definite CNS Lyme Disease 


CasE 1.—A previously normal 2l-year- 
old man had progressive confusion, agita- 
tion, and disorientation develop in Novem- 
ber 1985. One month later, when admitted 
to the hospital, his mental status was 
grossly impaired with disorientation, inap- 
propriate laughter, and violent outbursts. 
There were no focal findings. Lumbar punc- 
ture revealed a lymphocytic pleocytosis and 
the electroencephalogram showed diffuse 
slowing with minimal right-sided predom- 
inance (Table 1), but CT and brain scans, 
angiogram, CSF cytologie studies, and bac- 
terial and fungal cultures were normal. Re- 
sults of routine blood tests, including the 
erythrocyte sedimentation rate, were nor- 
mal, as were serologic tests for cryptococcal 
antigens and for viruses, including human 
immunodeficiency virus. However, the an- 
tibody titer to B burgdorferi was elevated in 
serum (Table 2). Cerebrospinal fluid and 


peripheral blood mononuclear cells were 
exposed to B burgdorferi antigen in vitro, as 
previously described.” Background re- 
sponses of peripheral blood and CSF cells 
(with irradiated peripheral blood as anti- 
gen-presenting cells) were 1700 and 831 
cpm, respectively. With the addition of 10 
mg/L of B burgdorferi antigen, responses 
were 2126 and 4495 cpm, respectively, con- 
sistent with sensitized B burgdorferi- 
specific T cells in the CSF. 

Although the patient lacked clear focal 
findings, he underwent a right temporal 
lobe brain biopsy because of the possibility 
of herpes encephalitis. The biopsy specimen 
consisted of an aggregate of multiple, small 
fragments of cerebral cortical tissue with- 
out leptomeningeal elements. The sample 
was received in the diagnostic surgical pa- 
thology laboratory in formaldehyde solu- 
tion that precluded the potential for mak- 
ing tissue imprint slides for spirochetal 
immunofluorescence. Standard hematoxy- 
lin-eosin stains showed foci of microglial 
cells (Figure, left). Perivascular lympho- 
cytes (cuffs) were not seen. There were no 
viral inclusions and appropriate stains for 
toxoplasmosis, acid-fast organisms, other 
bacteria, and fungal-yeast forms were neg- 
ative. Culture of the specimen in modified 
Kelly’s medium was negative. However, 
spirochetes, morphologically compatible 
with B burgdorferi, were seen extracellu- 
larly in 5 of 36 Dieterle-stained glass slides. 
Artifactual staining of neurofilament ele- 
ments was not present. The demonstrated 
spirochetes had the morphologic features of 
B burgdorferi as seen in experimentally in- 
fected hamsters. The patient was treated 
with penicillin, 20 million units per day in- 
travenously for 14 days. During therapy, he 
became less agitated, and during the fol- 
lowing 3 months, his behavior and mental 
status returned to normal, and he resumed 
his premorbid employment. He has re- 
mained symptom free in 2 years of follow- 
up. 

Case 2.—A 55-year-old woman had head- 
ache, neck pain, and low-grade fever de- 
velop in June 1984. After 3 weeks, she noted 
bilateral facial weakness and marked diffi- 
culty walking. When admitted to the hospi- 
tal, she had bilateral peripheral facial 
palsy, she was unable to stand with her feet 
together, and she had poor heel-to-shin co- 
ordination and a broad-based ataxic gait. 
Results of motor and sensory testing were 
normal, as were deep tendon reflexes. Lum- 
bar puncture revealed a marked spinal fluid 
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Brain biopsy specimen of patient 1. Left, A microscopic focal aggregate of microglial cells is seen 
without necrosis or perivascular lymphocytes (hematoxylin-eosin, X500). Bottom right, Loosely 
coiled spirochetes, 10 to 39 um in length, are seen in extracellular locations. These organisms 
have the morphologic appearance of Borrelia burgdorferi. The elongate, terminally undulated or- 
ganism in the top right panel is typical of older B burgdorferi in tissue sections. Never more than 
one or two organisms (arrows) were seen per high-power field, and many fields had to be exam- 
ined to find them (Dieterle silver, X 1250). 


pleocytosis with elevated protein level 
(Table 1), and MRI scan showed multiple 
areas of increased density periventricularly 
consistent with an increased water signal. 
Results of routine blood tests were normal, 
but B burgdorferi serologic studies were 
positive. She was treated with intravenous 
penicillin G, 20 million units per day for 10 
days, and during the following month, she 
had complete resolution of her symptoms. 
She has had no further symptoms in 4 years 
of follow-up. 

Case 3.—During the summer of 1983, a 
37-year-old man from central New Jersey 
had low-grade fever, malaise, migratory 
myalgias and arthralgias, and sore throat 
develop; this was followed within several 
weeks by macular, erythematous lesions on 
the trunk and legs lasting for 1 week. These 
symptoms were followed by increasing pain 
in the neck, back, and legs, profound fa- 
tigue, and a 3.5-kg weight loss. By October, 
he began to have weakness in the right leg, 
then in the left, and then in both arms. On 
physical examination, a neurologist docu- 
mented mild deltoid and marked hip flexor 
weakness bilaterally, pathologically brisk 
reflexes, and a left Babinski sign. During 
the next month, the patient had difficulty 
obtaining and maintaining an erection and 
two brief episodes of left-sided facial palsy. 
Cerebrospinal fluid showed a lymphocytic 
pleocytosis with elevated responses, and CT 
scans of the head, with and without con- 
trast, were normal. A diagnosis of multiple 
sclerosis was made. 

During the following months, his weak- 
ness improved, but he experienced migra- 
tory joint pain in the left wrist, shoulder, 
and ankle. In May 1984, the knees became 
swollen for several months; the IgG anti- 
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body titer to B burgdorferi was elevated 
(Table 2). He was treated with intravenous 
penicillin G, 20 million units per day for 2 
weeks. Within several weeks, his fatigue, 
weakness, and joint pain began to improve, 
and after several months, he felt normal, 
but still had mild residual hip flexor weak- 
ness. He has not had subsequent neurologic 
disease. 


Cases of Possible CNS Lyme Disease 


CASE 4.—Between 1982 and 1984, a 12- 
year-old boy had four attacks of swelling of 
the right knee; the diagnosis of Lyme ar- 
thritis was confirmed serologically. After 
the last attack, he was treated with doxy- 
cycline, 100 mg twice a day for 30 days. Two 
months later, the patient became with- 
drawn and depressed. He no longer inter- 
acted with his friends, spent most of this 
time alone, and would no longer do his 
school work. He ate very little and began to 
exercise compulsively. His weight dropped 
14 kg. On admission to a psychiatric hospi- 
tal, he was grossly depressed and uncom- 
municative. He was diagnosed as having 
anorexia nervosa. Because of the history of 
Lyme disease, he was transferred to Yale- 
New Haven Hospital. Borrelia burgdorferi 
serologic studies were positive, but results 
of neurologic laboratory evaluation were 
normal (Table 1). Immunoblotting of the 
patient’s serum has confirmed reactivity to 
multiple B burgdorferi proteins, including 
OspA and OspB. He was treated with in- 
travenous penicillin, 20 million U/d for 14 
days, and within several weeks, he began to 
eat more, gain weight, and communicate. 
During the following several months, his 
behavior returned to normal, he went back 
to school, and he has remained asymptom- 


atic for the past 3 years. 

Case 5.—In late August 1982, a 61-year- 
old man had the sudden onset of double vi- 
sion develop, followed by numbness on the 
left side of the tongue, weakness of his face, 
and progressive numbness of the fingers of 
both hands. He had just returned to his 
home in Illinois from his summer vacation 
on Nantucket Island, Mass. Neurologic ex- 
amination in an Illinois hospital during the 
1982 winter showed facial weakness, de- 
creased convergence bilaterally with dou- 
ble vision on left lateral gaze, bilateral pe- 
ripheral facial weakness, decreased 
strength of the triceps, wrist, and finger 
flexors on the left, and diminished triceps 
and brachioradialis reflexes on the left. 
Lumbar puncture, brain-stem evoked re- 
sponses, CT and MRI scans, and myelogra- 
phy were normal. An intramedullary brain- 
stem tumor was suspected. He was treated 
with high-dose prednisone. In 1983, despite 
this therapy, he experienced increasing fa- 
cial numbness and progressive loss of sen- 
sation in his hands and arms; disabling fa- 
tigue also developed. 

During the spring of 1984 he noticed dif- 
ficulty with urination, and cystometrogram 
revealed a neurogenic bladder. In addition, 
swelling of his right knee developed as did 
left olecranon bursitis for approximately a 
2-month period. Borrelia burgdorferi sero- 
logic studies were positive. In July, on 
admission to Yale-New Haven Hospital, 
CSF was normal except for three oligo- 
clonal bands (Table 1), and an MRI scan 
demonstrated multiple areas of increased 
density in periventricular regions that were 
consistent with plaques of demyelination. 
He was treated with intravenous penicillin 
G, 20 million units per day for 10 days. Af- 
terward, he felt less fatigued, and the pred- 
nisone dose was reduced. However, despite 
repeated courses of high-dose penicillin 
therapy accompanied by probenecid, his 
neurologic deficit has worsened, and MRI 
scan has shown pontine, in addition to 
periventricular, plaques. His CSF has not 
changed. He also has not responded to two 
courses of intravenous ceftriaxone therapy. 
Through the course of his illness, in five se- 
rum samples obtained over the course of 
follow-up from 1984 to 1987, his anti-B 
burgdorferi IgG titer as performed at Yale 
has risen from 1:1600 to 1:6400. The Lyme 
serologic studies performed at Georgetown 
University on his latest serum sample from 
1987 revealed a value of 1:51200. Immuno- 
blotting of the patient’s serum has con- 
firmed reactivity to multiple B burgdorferi 
proteins, including OspA and OspB. 

Case 6.—In July 1976, a 6-year-old girl 
had a “flulike” illness develop that was fol- 
lowed 2 weeks later by knee swelling. Dur- 
ing the next 5 years, she had many short 
attacks of headache and stiff neck or of ar- 
thritis or arthralgia, primarily in the knees. 
In October 1982, she again experienced 
headache followed 2 days later by progres- 
sive numbness and paresthesias from the 
toes to the buttocks. On physical examina- 
tion, mental status, cranial nerves, and 
motor and sensory testing showed normal 
results. However, she had decreased sensa- 
tion below L-4, mild weakness in foot dor- 
siflexion and plantar flexion, hyperreflexia 
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without clonus in the legs compared with 
the arms, and an equivocal Babinski sign. 
Cerebrospinal fluid showed a lymphocytic 
pleocytosis with five cligoclonal bands, but 
tests for myelin-basic prctein were nega- 
tive, and myelography wes normal (Table 
1). Borrelia burgdorferi serologic studies 
were positive. Immunoblocting of the pa- 
tient’s serum has confirmed reactivity to 
multiple B burgdorferi prcteins, including 
OspA and OspB. The patient was treated 
with intravenous penicilli» G, 10 million 
units per day for 10 days. Within several 
weeks, all of her neurologi: symptoms re- 
solved. 

Five months later, in Apri! 1983, vertigo 
with nystagmus and ataxia developed and 
she was examined by her leal physician. 
This episode, associated witt a CSF pleocy- 
tosis, resolved within several weeks. Ten 
months later, in February 1634, she experi- 
enced a blind spot surrounded by bright 
lights in the right eye for several days. She 
again had a CSF pleocytosis znd a strongly 
positive B burgdorferi serologic study 
(1:6400), but visual evoked responses were 
normal. She has been well during the sub- 
sequent 4 years. 


Characteristics of the Petients at 
Disease Onset 


The six patients had a mean age at 
disease onset of 82 years (range, 6 to 61 
vears); four were male and two were female. 
Two of the six patients hac symptoms 
associated with stage 1 of Lyme disease. 
Only one of them (patient 3) hed erythema 
migrans; another (patient 6) 2xperienced 
nonspecific flulike illnesses during the sum- 
mer that were followed by ar hritis. One 
patient (patient 2) presented with head- 
ache, stiff neck, and a spinal flu d pleocyto- 
sis, the signs and symptoms of stage 2 Lyme 
meningitis. In another patient patient 4), 
the illness began with arthritis, a stage 3 
manifestation of this disorder. Ia the other 
two patients (patients 1 and 5), CNS symp- 
toms were the first manifestation of the ill- 
ness. 


Signs and Symptoms of CNS 
Involvement 


Among the four patients waose first 
symptoms involved other systems, CNS ab- 
normalities began from 3 weeks +o 6 years 
(mean, 22 months) after onset in cther sys- 
tems. Two of the patients (patients 1 and 4) 
had global presentations with behavioral 
changes. One had confusion, violert behav- 
ior, and a changed mental status develop; 
the other became depressed, withdrawn, 
and exhibited compulsive behavior. The re- 
maining four patients presented w th focal 
findings. Patient 2 had cerebella> ataxia 
with a broad-based gait and posr heel- 
to-shin coordination. Bulbar signs—dysar- 
thria, facial numbness and weakness, 
tongue weakness, and dysphagia—devel- 
oped in patient 5. Patient 3 had weakness in 
all four extremities, pathologicall+ brisk 
reflexes, difficulty obtaining and maintain- 
ing an erection, and a left Babinski sign. 
Finally, patient 6 had myelitis develop. 
During the period of CNS abnormalities, 
three of the six patients also had marked 
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fatigue, arthritis developed in one, and one 
experienced minor joint symptoms. Except 
for patient 6, who had brief episodes of my- 
elitis, vestibular reuronitis, and optic neu- 
ritis, the others had progressively worsen- 
ing courses for a period of months to 2 years 
until antibiotic treatment. 


Laboratory Findings 


The CSF was abnormal in four of the six 
patients (Table 1). They had lymphocytic 
pleocytoses ranging from 21 to 406 cells per 
eubic millimeter, sometimes accompanied 
by elevated protein levels but normal glu- 
cose levels. Two of the four patients tested 
had abnormal MRI scans that suggested the 
presence of plaques associated with demy- 
elination, and one had an abnormal elec- 
troencephalogram with diffuse slowing. In 


all instances, CT seans and evoked re- — 


sponses were normal. In addition, blood cell 
counts and sedimentation rates were nor- 
mal at the time of CNS involvement. 

All six patients had elevated IgG anti- 
body titers to B burgdorferi in serum. 
However, when serum and CSF were di- 
luted to the same concentration of total 
IgG, none of the four patients tested had 
selective concentration of specific antibody 
in CSF. None of them had a positive fluo- 
rescent treponemal antibody test or a pos- 


itive VDRL in either serum or CSF. A brain ` 


biopsy was done on one patient (patient 1). 
The tissue showed spirochetes, morpholog- 
ically compatible with B burgdorferi, and a 
microgliosis without inflammatory infil- 
trate (Figure). This patient’s CSF mononu- 
clear cells proliferated two to five times 
more to sonicated B burgdorferi antigens 
than his peripheral blood mononuclear 
cells. 


Treatment 


All six patients were treated with high- 
dose intravenous penicillin, 10 to 20 million 
units per day for at least 10 days. Four of 
them, who were treated within 1 to 6 
months after onset of CNS abnormalities, 
had complete resolution of symptoms 
within 1 to 3 months. One patient (patient 
6) still experienced brief episodes of vesti- 
bular neuronitis and optic neuritis during a 
15-month period after antibiotic therapy 
for myelitis. She has been asymptomatic 
for 4 years. The final patient (patient 5) in 
whom antibiotic therapy was begun 2 years 
after the onset of CNS abnormalities had 
progressive neurologic involvement despite 
repeated courses of intravenous penicillin 
and ceftriaxone therapy. 


COMMENT 
Diagnosis 


The six patients whose cases are re- 
ported herein and whose conditions 
were often difficult to diagnose had 
CNS syndromes affecting various 
parts of the neuraxis, ranging from the 
cerebrum to the spinal cord. In three of 
these patients, we believe that the di- 
agnosis of CNS Lyme disease is secure. 
It was based on a positive serologic test 
for B burgdorferi, exclusion of other 


causes of CNS abnormalities, a lym- 
phocytic pleocytosis in the CSF, and 
response to antibiotic treatment. Two 
of them had symptoms of Lyme dis- 
ease in other systems, and one also had 
evidence of spirochetal infection by 
brain biopsy. However, culture and bi- 
opsy, which are effective in certain 
other infectious diseases, are not gen- 
erally practical in CNS Lyme disease 
because of the low yield in culturing B 
burgdorferi from any size and be- 
cause of the risk in obtaining brain bi- 
opsy specimens. Moreover, experience 
with human and experimental animal 
B burgdorferi infections” shows that 
the organism typically does not occur 
in focal aggregates or colonies (as in 
Treponema and Leptospira infections) 
in tissues, but is rather randomly and 
unpredictably distributed in single cell 
forms, requiring tedious examination 
of many microscopic fields. These at- 
tributes of the organism make it un- 
likely that a biopsy specimen can be 
expected to have a high yield in the di- 
agnosis of Lyme disease. Table 2 lists 
some of the diagnostic criteria present 
in the six patients. 

Without culture or biopsy specimen 
showing proof of infection, the limita- 
tion of these diagnostic criteria is that 
patients could have coexistent B burg- 
dorferi infection and another disease 
of the CNS that is difficult to diagnose 
with certainty. Although we favor that 
our remaining three patients had CNS 
syndromes due to spirochetal infec- 
tion, we have classified them as having 
only possible CNS Lyme disease be- 
cause of the difficulty in excluding an- 
other CNS disease. Patient. 4 re- 
sponded dramatically to penicillin 
therapy, but we cannot exclude a pri- 
mary psychiatric illness. In patient 5, 
the one with bulbar signs, two alter- 
native diagnoses were brain-stem tu- 
mor or multiple sclerosis. The former 
is unlikely because of the absence of a 
mass on brain imaging during the 
whole 5-year duration of his disease; 
the latter is unlikely because of the 
lack of clinical CNS involvement out- 
side of the brain stem, normal evoked 
responses, negative tests for myelin 
basic protein, and the presence of as- 
sociated peripheral nervous system 
abnormalities. In patient 6, it was 
particularly difficult to distinguish be- 
tween CNS Lyme disease and multiple 
sclerosis. However, against the diag- 
nosis of multiple sclerosis is the rarity 
of that disease in prepuberty and the 
absence of laboratory evidence of de- 
myelination after three episodes of 
CNS involvement over 1% years. In 
addition, it would be unlikely for expo- 
sure without infection to result in an- 
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ti-B burgdorferi titers as high and 
sustained as those in this patient. Nei- 
ther patient 5 who had a normal CSF 
nor patient 6 appeared to respond to 
intravenous penicillin therapy. How- 
ever, some patients with established 
Lyme arthritis have not responded to 
this same antibiotic regimen.” In ter- 
tiary syphilis, the response to antibi- 
otic therapy is dependent on the activ- 
ity of the disease and the degree of 
damage. Patients with normal CSF or 
established deficits tend not to im- 
prove. . 

A reliable test short of biopsy is 
greatly needed that indicates infection 


with B burgdorferi in the CNS. In Eu- 


rope most patients with peripheral! or 
CNS involvement in this infection 
have had spinal fluid pleocytosis and 
evidence of local synthesis of IgG an- 
tibody to ‘B burgdorferi in CSF, 
which we also have found in most of 
our patients with stage 2 Lyme menin- 
gitis. However, even in stage 2 disease, 
in which the meningeal inflammation 
is great, local synthesis of anti-B 
burgdorferi antibody is not sensitive 
or accurate enough to be used as a di- 
agnostic criterion. Although our cur- 
rent patients had antibody to B burg- 
dorferi in CSF, we were unable to 
reproducibly demonstrate local pro- 
duction in our patients with CNS in- 
volvement associated with third-stage 
Lyme disease. The diagnoses of ter- 
tiary syphilis and toxoplasmosis” have 
the same limitation, ie, a large propor- 
tion of patients with CNS infection 
with these organisms do not have se- 
lective concentration of specific anti- 
body. The clinical patterns of neuro- 
syphilis have become more variable 
and harder to recognize since the in- 
troduction of antibiotics, and half of 
the patients in a recent study had their 
conditions diagnosed based on a posi- 
tive serum serologic study and spinal 
fluid pleocytosis, despite a negative 
CSF VDRL.” 


Serology 


The diagnosis of CNS B burgdorferi 
infection is thus dependent on demon- 
stration of specific IgG antibody in the 
serum. One might speculate that oc- 
currence of positive serologic studies 
might be frequent as.a result of expo- 
sure without infection in an endemic 
area. However, it has been our experi- 
ence as well as the experience of 
others*** that seropositivity, when it 
is of greater than borderline titer and 
is reproducible, represents, in the ma- 
jority of cases, either active disease or 
latent infection that will develop into 
disease. Thus, false-positivity does not 
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frequently pose a significant diagnos- 
tic problem; on the other hand, it 
should be noted that in some areas of 


‘the country there is considerable vari- 


ability in the accuracy of the test in 
different laboratories.» Thus, verifica- 
tion of a serologic result in a different 
laboratory is a good practice for re- 
sults conflicting with clinical informa- 
tion. 


Spectrum of CNS Abnormalities — 


Although it was initially questioned 
whether Lyme disease caused CNS ab- 
normalities, investigators in both 
America and Europe have recently re- 
ported the cases of several patients 
with CNS abnormalities usually asso- 
ciated with more typical stage 2 neu- 
rologic manifestations of Lyme dis- 
ease, and in some cases, these abnor- 
malities were progressive and led to 
permanent neurologic deficit. Acker- 
mann and his colleagues in West 
Germany reported the cases of eight 
patients (one in detail) with CNS in- 
volvement, most commonly spastic 
paraparesis. This infection, which 
they call progressive Borrelia enceph- 
alomyelitis, lasted for 1 to 8 years, and 
sometimes left permanent deficits, in- 
cluding dementia. In one series from 
Sweden, seven patients with stage 2 
neurologic involvement also had CNS 
syndromes, including hemiparesis, 
spastic paraparesis, or ataxia.’ In 
Denmark, 3 of 18 patients whose cases 
were reported had severe CNS le- 
sions—transverse myelitis and spastic 
paraparesis, focal encephalitis with 
hemiparesis, and dementia with gait 
disturbances.” Several similar cases 
have been noted in Hungary and 
Yugoslavia. In the United States, 
Reik et al'>* reported the cases of two 
patients with encephalitis, seizures, 
dementia, or myelitis due to Lyme dis- 
ease. Three of our patients were like 
these recently reported cases in having 
CNS Lyme disease presenting as a 
continuation or exacerbation of stage 2 
meningitis. Patients 2 and 3 had ataxia 
or extremity weakness associated with 
stage 2 neurologic involvement, and 
patient 5, the one with bulbar signs, 
had a progressive course over a period 
of years. 

Our remaining three patients and a 
recent case report” extend the spec- 
trum of CNS abnormalities of Lyme 
disease to include apparent psychiat- 
ric illness and presentation after a la- 
tent period of years. Patient 1 had 
confusion and violent behavior develp 
without any typical symptoms of Lyme 
disease, patient 4 experienced gross 


. depression 2 years after the onset of 


Lyme arthritis, and patient 6 had my- 


elitis develop 6 years after the onset of 
arthritis. In Minnesota, a young 
woman had focal encephalitis with 


‘aphasia develop 6 years after Lyme 


meningitis.” She had high antibody 
titers to the Lyme disease spirochete, 
and her symptoms resolved completely 
with high-dose penicillin therapy. 
Thus, it appears that both arthritis 
and CNS syndromes may begin weeks 
to years after the onset of infection 
and may become chronic. Similarly, 
acrodermatitis chronica atrophicans, 
a late skin lesion of Lyme borreliosis, 
may have its onset years after 
erythema migrans, and the lesions of 
acrodermatitis may persist for years. 
Borrelia burgdorferi has been cultured 
from such lesions as long as 10 years 
after disease onset.* 


Pathology 


The brain biopsy specimen of pa- 
tient 1 provided the first opportunity to 
examine the histologic features of the 
brain in a patient with encephalitis 
due to Lyme disease. The tissue 
showed a small number of spirochetes 
accompanied only by an Increase in the 
number of phagocytic microglial cells, 
a nonspecific finding that is compatible 
with infection. This documents that 
the Lyme disease spirochete may 
spread directly to the brain, but con- 
sistent with CSF findings, this event 
may be accampanied by only a minimal 
inflammatory response. Since the pa- 
tient lacked clear focal findings, it is 
possible that areas other than those 
from which biopsy specimens were 
taken may have been more severely 
affected. To date, other infected tissues 
in Lyme disease have also shown a 
paucity of spirochetes.” In experimen- 
tally infected hamsters, B burgdorferi 
has been cultured from organs, includ- 
ing the brain, but only a few spiro- 
chetes were seen in affected tissues, 
and the inflammatory response was 
minimal or absent.” If a biopsy is done, 
fresh tissue imprint smears stained by 
indirect immunofluorescence can be 
helpful, using a B burgdorferi—specific 
monoclonal antibody (H5332). 


Comparison With Related Neurologic 
Diseases 


The presence of B burgdorferi in the 
brain in Lyme disease is reminiscent of 
Treponema pallidum in tertiary syph- 
ilis. In both illnesses, CNS syndromes 
may begin after a period of latent in- 
fection and one of the presentations is 
organic brain syndrome. As some- 
times happened with tertiary syphilis, 
one of cur patients was even hospital- 
ized in a state psychiatric hospital be- 
fore the realization that his apparent 
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“psychiatric illness” might be due to 
Lyme disease. However, there are im- 
portant differences between the two 
infections. We have not seen gummas 
or the equivalent of meningovascular 
syphilis or tabes dorsalis in Lyme dis- 
ease, 

Two of our patients (patients 3 and 
6) -and several recently reported 
cases'*" had clinical pictures sugges- 
tive of multiple sclerosis. In addition, 
MRI scans on two of our patients 
showed multiple areas of increased 
density consistent with demyelination, 
and these images resembled plaques 
found in the brains of patients with 
multiple sclerosis. However, we do not 
have histologic proof that B burgdor- 
feri causes demyelination nor do we 
know whether these lesions result di- 
rectly from spirochetal invasion or 
immune-mediated phenomena. 


Recommendations 


In contrast to second-stage Lyme 
meningitis, which presents in a rather 
predictable way, CNS manifestations 
of Lyme disease are quite variable and 
may begin weeks to years after the 
initial infection. Important clues to 
the diagnosis include exposure in an 
endemic area or past or current symp- 
toms in other systems suggestive of 
Lyme disease. If there is suspicion of 
Lyme disease, serologic testing should 
be done. Positive B burgdorferi sero- 
logic studies in patients without man- 
ifestations of the infection outside the 
CNS should be confirmed by repeating 
the test, especially if results of the se- 
rologic test are borderline. Lumbar 
puncture should be performed and a 
lymphocytic pleocytosis is considered 
supportive of the diagnosis. The B 
burgdorferi antigen-specific prolifera- 
tion of CSF lymphocytes, as demon- 
strated in patient 1 and in a previous 
report,” may be diagnostically useful. 
However, in our experience, we still 
lack a test that indicates active infec- 
tion with B burgdorferi in the CNS. 
Therefore, even in patients with posi- 
tive serologic tests, it is necessary to 
exclude other possible causes of the 
patient’s CNS abnormalities. This is 
often difficult since most of these syn- 
dromes are of unknown cause. Thus, in 
patients with positive serologic re- 
sults, particularly if a psychiatric ill- 
ness appears to be organic or if a 
patient with apparent CNS demyeli- 
nation does not meet diagnostic crite- 
ria for definite multiple sclerosis, we 
would favor treatment with high-dose 
intravenous penicillin, 20 million units 
per day, or ceftriaxone, 1 g twice a day 
for 14 days. Contrary to the natural 
history of most of these syndromes due 


Arch Neuroi—Vol 46, July 1989 


to other causes, CNS abnormalities of 
Lyme disease often improve or may 
resolve completely within several 
months after treatment, but patients 
who no longer have active inflamma- 
tion in the CNS or who have marked 
CNS damage may have little response. 
Because of the possibility that some 
CNS damage may result from im- 
mune-mediated phenomena, rather 
than direct invasion, treatment with 
corticosteroids or immunosuppres- 
sives should be considered in those pa- 
tients refractory to antibiotic treat- 
ment. 


This investigation was supported in part by 
grants AR-20858 and RR-00125 from the National 
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À | (immediately preceding the Western Orthopaedic Association meeting.) 





“Modern Dissection Techniques Of 
Bone, Biometals, Bioceramics, and Bioplastics” 


(ORTHO/NEURO 700) (Separate Hands-On Sessions) 


An Interdisciplinary Symposium/Workshop for 
Orthopaedic Surgeons and Neurosurgeons 


sponsored by the 
MIDAS REX® INSTITUTE. 


Course Directors: 
James DeBoer, Ph.D. 
Susan Mitchell, Ed.D. 


(Plastic, ENT, Craniofacial and Maxillofacial surgeons may attend the neurosurgical conference.) ; 


SYMPOSIUM FORMAT 


WORKSHOPS: 7:30 a.m. - 1 30. p.m. each day. An Intensive: 
series of hands-on exercises utilizing appropriate animal 
| bones, skeletal bones, etc.: 


Orthopaedic Surgeons—dissection in small bones, large 
bones, spines, joint repiacement, revision surgery, methyl- 
methacrylate, polyethylene, and biometals, including 

broken stem extraction. 


Neurosurgeons—dissection skills for bonework of the 
cranium and spine, including attention to bioplastics and 
biometals applicable to neurosurgery. 


CREDITS: CME Credit Available. 
COURSE LOCATION AND ACCOMMCDATIONS: Disneyland 


Hotel, 1150 West Cerritos Avenue, Anaheim, CA 92802, 


714-7 78-6600. 


ENROLLMENT: Fee (US$): Surgeon $965.00; Resident $585.00 


(with letter from Department Head); All Operating Room Per- 
sonnel (RN/CST/PA/Other) $250.00. Make check to “Anaheim 
Symposium.” Mail to: Midas Rex Institute, 2929 Race Street, 
Fort Worth, Texas 76111. Phone: 800-433-7639 or 817-831-2804. 


Join the more than 7,100 enrollees who have completed Midas Rex Hands-On Workshops. 
(3,650 Orthopaedic Surgeons; 1,450 Neurosurgeons; 2,050 OR Personnel) 


CHICAGO 


728 West Algonquin Road (Arlington Heights) 
NEUROSURGICAL SYMPOSIA (NEURO 700) 
AUGUST 21-22-23 
SEPTEMBER 6-7.8 o 21-22-23 
OCTOBER 56-7 © 2324-25 


WORKSHOPS: The workshops are held each day from 7:00 
a.m. to 1:00 p.m. They will emphasize a series of structured exer- 

clses, utilizing appropriate animal bones, skeletal bones, 
bioplastics and blometals. 


NEUROSURGEONS—dissection skills for bonework of the cranium 
ang spine, including attention to bioplastics and biometals appli- 
cable to neurosurgery. 


OR PERSONNEL—dissection skills to become familiar with the 
applications of power instrumentation; discussion of and participa- 
tion in problem solving, care, and proper maintenance of power 

i equipment. 


ENROLLMENT; Fee (US$): Surgeon $985.00; Resident $585.00 
(with letter from Department Head); All Operat- 
ing Room Personnel (RN/CST/PA/Other) 
$250.00. Make check to “Chicago Sympo- 
sium.” Mail to: Midas Rex Institute, 2929 Race 

Street, Fort Worth, Texas 76111. 


Phone: 800433-7639 or 817-831-2604. 
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MIDAS REX® INSTITUTE 
HANDS-ON WORKSHOPS* 


Also Plastic, ENT, Craniofacial, Maxiliotaclal, etc. 
NOVEMBER 13-14-15 ° 27-28-29 
‘DECEMBER 11-12-13 
JANUARY 4-54 ¢ 15-16-17, 1990 





“Modern Dissection Techniques Of Bone, 
Blometals, Bioceramics, and Bioplastics” 


OR PERSONNEL SYMPOSIUM (ORP 700) 
Symposium for OR Personnel only: 
. JANUARY 8-9-10, 1990 


a 


AREA ATTRACTIONS; 

MUSEUMS—Chicago Academy of Sciences, Chicago Historical 

Society, Museum of Contemporary Art, Art Institute of Chicago, 
Field Museum of Natural History. 


- SIGHTSEEING —Shedd Aquarium, Adler Planetarium, Buckingham 


Fountain. 


PERFORMING ARTS—Chicago Sym- 
phony Orchestra, Lyric Opera of 
Chicago, ballet, recita , concerts and 
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SPECTATOR SPORTS—White Sox in E he 
Comiskey Park, Cubs in Wrigley Field, beled ites 
Sting (soccer) in Chicago Stadium, Hands-On 
Bears at Soldier Field, Blackhawks in Workshops. 
Chicago Stadium, and horse racing (3,700 Ortho- 
year round. paedic Sur- 

geons; 1,500 

Neurosur- 

geons; 2,100 


, OR Personnel) 
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AMERICAN ELECTROENCEPHALOGRAPHIC SOCIETY 
2 ANNUAL COURSE AND SCIENTIFIC PROGRAM 
September 21-24, 1989 / Sheraton New Orleans Hotel / New Orleans, Louisiana 


The Course is designed for clinical neurophysiologists (in practice or training) and physicians whose practice includes some propor- 
tion of clinical neurophysiology. The goals of the course as in the past are: - 
1. To present critical appraisal of current topics of interest in EEGs and related clinical neurophysiology 
2. To provide continuing medical education to the members of the American EEG Society and keep them abreast of the recent 
developments and clinical applications of newer technological advances and interpretative skills 
3. To provide helpful review for those preparing for ABCN certification and valuable learning experience for residents and fellows in 
training 


THURSDAY, SEPTEMBER 21 COURSE ON CLINICAL EEG | 

Neural generators, their localization and volume conduction theory; pathophysiology of abnormal EEG activities; EEG in elderly patients; 

EEG and drowsiness in sleep; EEG in acute focal and diffuse brain disease; ' interictal" EEG patterns and their significance in classification 

and management of epilepsies: " ictal” EEG patterns in surface and intracranial recordings; activation procedures, special electrodes and 
electrode placement in detection and localization of epileptiform events; medical-legal aspects of EEG. Faculty: F. Lopes da Silva, N. 

Schaul, R. Brenner, K. Chiappa, O. Markand, I. Drury, M. Risinger, H Liiders, J. Hughes 


FRIDAY, SEPTEMBER 22 COURSE ON SLEEP DISORDERS 
Physiology of sleep; classification and epidemiology of sleep disorders; obstructive sleep apnea syndrome; narcolepsy; parasomnias. 
Faculty: D. Dinner, J. Siegel, H. Lemmi, D. Dinner, M. Mitler, P. Xotagel 


COURSE ON EEG OF NEWBORNS AND INFANTS 
Normal EEG in premature and full term neonates; maturational changes in EEG during infancy and childhood; EEG abnormalities in 
neonates, epileptic seizures and other paroxysmal events in neonates and irfants. Faculty: R. Clancy, W. Blume, G. Holmes, E. Mizrahi 


COURSE ON FUNDAMENTALS OF SENSORY EVOKED POTENTIALS 
Visual evoked potentials; brainstem auditory evoked potentials, median and posterior tibial nerve somatosensory evoked potentials; 
somatosensory evoked potentials in children. Faculty: K. Chiappa, G. Chatrian, R. Emerson, R. Gilmore 


<; COURSE ON INTRAOPERATIVE APPLICATIONS OF EVOKED POTENTIALS 
Effects of anesthesia and hypothermia; use of brainstem auditory evoked potentials for intraoperative monitoring; somatosensory evoked 
potential intraoperative monitozing; use of motor evoked potentials for intraoperative monitoring. Faculty: B. Grundy, R. Radtke, W. 
Erwin, W. Levy . 


SATURDAY, SEPTEMBER 23 SYMPOSIUM ON ELECTROLDIAGNOSIS IN NEUROLOGIC PROGNOSIS 
Theoretical considerations in the design and interpretation of prognostic studies; prognostically significant EEG patterns in coma; 
prognostic value of evoked potentials in coma; prognostic value of EEG and EPs in newborns and young infants. Faculty: A. Shewmon, 
P. Hansotia, K. Chiappa, G. Holmes 


AMERICAN EEG SOCIETY ANNUAL BUSINESS MEETING 


DINNER WORKSHOPS: 

(I) New methods for display and analysis of EEG/EP signals. Faculty: L. Towle, J. Spire 

(I) Monitoring with EPs: Surgical and intensive care applications. Faculty: G. Chatrian, R. Gilmore 
CID Computerization of a sleep laboratory: Faculty: G. Nino-Murcia, R. Sclabassi 


< SUNDAY, SEPTEMBER24 THEODORE JOHNSTON CASE PRESIDENTIAL SYMPOSIUM ON QUANTITATIVE 
ANALYSIS OF EEG: THEORY AND APPLICATIONS 
Stationary EEG: time series analysis for the non-engineer; nonstationary EEG: methods of pattern and event recognition (particularly 
spikes, seizures, state changes/adaptive segmentaticn); application of quantitative techniques to epilepsy monitoring; application of 
quantitative techniques to cerebrovascular disease, OR and ICU monitoring; applications of quantitative techniques to sleep studies. 
Faculty: F. Lopes da Silva, P. Ktonas, J. Gotman, B. Oken, R. Sclabassi 


ADDITIONAL SCIENTIFIC SESSIONS: AEEGS Presidential Lecture, Berger Fellowship Award Lecture, Herbert H. Jasper Award 
Lecture, platform and poster presentations. 

EXHIBITS: Approximately 40 manufacturers and other exhibitors will be present in the exhibit hall. 

ACCREDITATION: The American EEG Society is accredited by the Accreditation Council for Continuing Medical Education 
(ACCME) to sponsor continuing medical education (CME) for physicians. 


FOR INFORMATION, CONTACT: 


A. Omkar N. Markand, M.D., Course Director D. Alan Shewmon, M.D., Program Committee Chairman 
EEG, Indiana University School of Medicine UCLA Medical Center, MDCC 22-464 
702 West Barnhill Drive 10833 Le Conte Avenue 


Indianapolis, IN 46223 Los Angeles, CA 90024-1752 





‘Catatonia’ due to Disulfiram Toxicity 


C. Miller Fisher, MD 


@ In an alcoholic patient, catatonia de- 
veloped while he was receiving disulfiram 
(Antabuse). Resolution of the question 
whether his state was classically catatonic 
required a detailed review of the literature 
on the subject. The conclusion reached is 
that the original definition still holds for 
psychiatric illness, but application of the 
term to neurological and metabolic states 
has often been based on imprecise criteria 
and failure to consider akinetic mutism 
and extrapyramidal motor disturbances as 
factors. The action of disulfiram as an in- 
hibitor of dopamine @ hydroxylase pro- 
vides a possible mechanism for the cere- 
bral toxic effect, but nonetheless the var- 
ious interpretations remain largely spec- 
ulative. 

(Arch Neurol. 1989;46:798-804) 


The original purpose of this article 
was to report a case in which cata- 
tonia developed during disulfiram 
(Antabuse) therapy for alcohol addic- 
tion and to speculate on the biochem- 
ical basis of disulfiram neurotoxic re- 
action. However, uncertainties arose 
concerning the exact definition of the 
catatonic state, clarification of which 
required a review of the literature on 
the subject. That project became an 
important part of the study. 

The literature on the neurotoxic re- 
action to disulfiram is extensive. The 
abnormal mental states are varied and 
complex and often cannot be easily 


categorized from descriptions in the 


literature. Liddon and Satran! in re- 
viewing the subject reported an inci- 
dence of psychiatric events ranging 
from 2% to 20%. They found 52 cases 
in which psychotic behavior was a 
prominent complication of disulfiram 
therapy. The following sample of 24 
adequately described cases is repre- 
sentative: depression (6 cases), mania 


(8 cases), schizophrenic reaction (2 - 


cases), paranoia (2 cases), disorga- 
nized thinking (4 cases), bizarre be- 
havior (3 cases), convulsions (1 case), 
and hallucinations (1 case). In almost 
all instances, the patients were also 
drowsy and confused. An additional 2 
patients were described as catatonic? 
and at their worst were awake, with- 
drawn, immobile, mute, negativistic, 


indifferent to food, unresponsive to 


Accepted for publication February 6, 1989. 
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questions and commands, incontinent 
of urine, disoriented, and forgetful. 
One exhibited posturing and resisted 
passive movements of the extremities 
and neck, while the other showed mild 
cogwheel rigidity, and the passively 
stretched limbs tended to return to 
their original position. The descrip- 
tions in these two cases are consistent 
with the interpretation of catatonia. 
While the complications of therapy are 
herein being emphasized, it should be 
added that a recent study showed only 
a 1.9% incidence of disulfiram intoxi- 
cation with no difference between 
groups receiving 250 mg, 1 mg, and 
none each day.‘ 


REPORT OF A CASE 


A man aged 48 years at the time of his 
first admission to the hospital had con- 
sumed alcohol excessively for about 5 years, 
with increasing inability to function at his 
profession. He discontinued alcohol and 
began to take disulfiram 8 weeks before his 
first admission. While taking 500 mg of di- 
sulfiram daily, he became apathetic and un- 
able to work, and 3 weeks before admission, 
his family noted gradually progressive con- 
fusion, staggering gait, and impairment of 
memory. He complained of a frontal head- 
ache and had hiccups for 1 week. On admis- 
sion he was apathetic, followed directions 
with difficulty, was unable to concentrate, 
and appeared depressed. He sat quietly ina 
chair. His answers usually consisted of yes 
or no. He was oriented to time and place and 
recalled the names of three objects at 1 and 
5 minutes. He could not recall any former 
presidents of the United States, and his 
reasoning was concrete. On the 100 — 7 se- 
rial test, his answers were 103, 93, 87, 84, 79. 
The sum of 25 + (10 xX 5) was 125. Cranial 
nerve function, motor power, and sensation 
were intact. There was incoordination on 
the finger-nose and heel-knee-tibia tests, 
and he was unable to walk in tandem gait. 


There was no asterixis. The last dose of di- 


sulfiram had been taken the day before ad- 
mission. 

In 48 hours, remarkable improvement 
had occurred. He was still somewhat unan- 
imated and lacking in spontaneity but car- 
ried out all tests promptly. He walked 
briskly, and coordination was close to nor- 
mal. He displayed remarkable dexterity 
with his limbs. Counting backward and 
subtracting 3 serially were done slowly but 
correctly. He recalled a six-point memory 
sentence after 25 minutes. He continued to 
improve while in the hospital, and at the 
time of psychological testing on the seventh 
hospital day, he was described as passively 
cooperative, working slowly but persis- 
tently and showing little intellectual drive. 
He spoke in a low voice. The overall impair- 
ment reflected slowness and poor concen- 


tration. Memory was not selectively im- 
paired. : 

Laboratory chemical tests gave unre- 
markable results. The triiodothyronine 
resin uptake was normal. Computed tomog- 
raphy of the head showed sulcal widening 
that was greater than average for his age 
group. An electroencephalogram (EEG) 
showed anterior low-voltage symmetrical 
beta activity and almost continuous inter- 
mixed moderate-voltage theta slowing, 
generalized but of higher voltage bitempo- 
rally. Posteriorly there was moderate- 
voltage 9-Hz activity. 


SECOND ADMISSION (6 MONTHS LATER) 


On discharge the patient resumed di- 
sulfiram therapy at 250 mg daily. After 
continuing to improve for about 1 month, 
the patient remained on a plateau, never 
regaining his previous capability. He either 
went to his office where he was ineffective, 
or clerked in a 3tore where he was likely to 
make wrong change. He lived an orderly 
life, dressed fastidiously, kept good hours, 
ate satisfactorily, and abstained from alco- 
hol. Disulfiram taken in the morning re- 
sulted in drowsiness that precluded func- 
tioning, and he usually took his medication 
at bedtime. About 5 months after discharge 
and while still receiving disulfiram, he be- 
came slower and more apathetic and com- 
plained that there must be something 
wrong with his head, causing him to wonder 
if he had Alzheimer’s disease. He began to 
stammer and got his words mixed up. He 


_ thought he was losing his hearing. He failed 


to recognize his former secretary on the 
street. He had peculiar headaches and 
strange nightmares. Staggering increased. 
These symptoms gradually progressed, and 
in the 5 days before admission, he usually 
lay asleep in bed except to get up for meals. 
He neglected his toilet. His gait was un- 
steady and balance precarious. A close rel- 
ative said his condition was much the same 
as at the time of the previous admission, but 
worse. The history was obtained that a sis- 
ter was “phobic” and had undergone elec- 
troconvulsive therapy, cingulotomy, and 
frontal lobotomy. The last dose of di- 
sulfiram had been taken the day before ad- 
mission. ; 

On examination the patient was un- 
shaven and disheveled. He satin a chair and 
stayed awake but was apathetic, vague, 
puzzled, indifferent, and lacking in sponta- 
neity. He seemed to have trouble hearing. 
He answered slowly and had difficulty for- 
mulating a coherent sentence. He some- 
times reversed short words or the syllables 
in a two-syllable word or interchanged the 
first syllables of successive words. He stam- 
mered and often had to try several times to 
be intelligible. Occasionally, however, he 
expressed a complicated idea using complex 
words. He understood simple questions and 
commands. He followed the request to hold 
up two fingers on his left hand while plac- 
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we 


ing his right hand on the left knee. He failed 
the task of putting his right hand on his 
right ear while touching h s nose with the 
left hand; instead, he touchad his nose with 
the right hand. He read difficult words cor- 
rectly, without understand-ng their mean- 
ing. Asked to subtract 7 from 31, after 30 to 
40 seconds of thinking and trying, he said 
“14,” then added “No, ther2 I go again, 7, 
Ts always gave me trouble.” He wrote rap- 


idly and carelessly, producing an illegible . 


scribble that could not be deciphered. He 
spelled “hospital” correecly, following 
which, when asked to spell “pillow,” he said 
“n-i-t-t-t-o-l,” and when asked to try again, 
he said “p-i-]-l-t-t-a-l-l.” He was unable to 
learn the memory sentence, ‘Yesterday, St 
James’ School burned down, and three fire- 
men were overcome by smcke.” The best 
he did was, “Yesterday, I sa-v a fire school 
burn down, three firemen were there.” 
After 5 minutes he said, “three firemen and 
one fire truck.” The proverb: “People who 
live in glass houses” was iaterpreted as 
“People shouldn’t sh... sh... sh... sh... 
when they are accusing wrongly of doing.” 
He gave the day, date, month, and year 
correctly. When asked whecher he was 
tense, he answered yes. He answered 
no to “Are you depressed and are you 
worried?” 

The patient staggered badly and without 
support would have fallen. The pupils were 
4mm and reacted briskly. The visual fields 
were full. Optokinetic nystagmus was in- 
tact. The optic discs were sharply outlined. 
The extraocular movements were full with- 
out nystagmus. He had difficuléy voluntar- 
ily turning his eyes from side to side. His 
face moved symmetrically. Sometimes 
speech was clear, other times slurred. 
Power in the limbs was good. The tendon 
reflexes were all 2+, except for the ankle 
jerks, which were absent. The plantar re- 
sponses were flexor. Grasping end sucking 
reflexes were absent. The fac.al reflexes 
were brisk. Tone in the limbs was normal, 
and there was no cogwheeling. Finger tap- 
ping and toe wiggling were brisk but per- 


formed carelessly. He could stand with his 


feet 6 in apart and his eyes closed. He 
dressed himself correctly after zhe exami- 
nation. During the interview, there were 
three myoclonic jerks involving the shoul- 
ders synchronously. The blood pressure was 
200/120 mm Hg. There were no bruits. 
During the first day in the hospital, his 
condition remained about the same. Fur- 
ther slight myoclonic jerking of «he shoul- 
ders (elevation, 0.5 em) was observed, as 
well as a moderate startle reaction to noise 
and to the sudden movement in his lateral 
visual field of a nurse who was talking to 
him. He seemed not to know how to do any- 
thing. He got out of bed over the side rails 
and cut his feet on the broken pfces of a 
glass that he had let fall. He did not react 
to débridement of a laceration. Or the sec- 
ond day in the hospital, he enterec a strik- 
ing state in which he was mute aad unre- 
sponsive to questions and commands, and 
remained so for 2 days. He refused.all tests 
and medications. He ignored all human 
contact. When lifted to his feet, ne stag- 
gered and had to be supported. When he was 
placed in a chair, his expressionless face 
was the picture of absolute despondency. 
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Ee neither spoke nor obeved requests de- 
spite repeated attempts for many minutes 
at a time by staff, family, and friends. He 
occasionally looked around the room, mak- 
ing eye contact for a moment in passing. He 
seemed not to attend althouzh his eyes were 
wide open and he appeared alert. He in no 
way acknowledged the presence of the ex- 
aminer. He was mainly described as staring 
at the floor. On day 2, he rezeived 20 mg of 
propranolol hydrochloride (Inderal) at 10 
AM, 2 PM, and 8 PM because of high blood 
pressure. On day 3, he received a dose at 8 
AM and 4 PM. It is unlikely that propranolol 
was a factor as his state was worst 18 hours 
after the last dose. 

At times his gaze darted tc the periphery 
as if to a sight or sound where there had 
been none. His only utterances in 2 days 
were sudden and unexpected: “Hi,” “Shut 
up,” “Leave me alone,” “I hare to p---.” Oc- 
casionally he muttered a few unintelligible 
syllables. He did not feed himself and ate 
little when fed. He was incontinent of urine. 
He often fingered his wristwetch, his iden- 
tification bracelet, a crumpled ball of paper, 
or a roll of adhesive tape. He picked up a 
printed menu, gazed at it, and put it down 
after 10 seconds or so. Once a menu fell from 
the table in front of him, and the patient 
thrust his hand out and caughz it in midair. 
He crossed and uncrossed his legs and put 
on and removed his glasses. He refused to 
go for a computed tomographic scan and 
EEG. When assisted in getting up, his body 
stiffened, and he looked terrified. He was 
not combative or angry, but resisted. He did 
not glower or push people away. Once he 
said, “I’m not interested in this.” On an- 
other occasion, when placed :n a wheel- 
chair, he got up and ran back to his bed. He 
tended to reach out to touch people. The pa- 
tient later had no recollection o7 this entire 
period. 

Because of the persistence of this state, 
which was interpreted as depression, he 
was scheduled for electroconvulsive ther- 
apy on the fifth hospital day, but on the 
evening of the fourth hospital day, he began 
to answer and perform to a slight extent 
and electroconvulsive therapy was post- 
poned. In the following 7 days without 
therapy, improvement occurred as increas- 
ing spontaneity, briskness, and return of 
memory were noted. He became continent, 
bathed and fed himself, and walxed in the 
corridor. On the fifth day of improvement, 
he was still inclined to lie on his bed watch- 
ing television. He could carry on a limited 
conversation, and humor had returned. 
When asked if he was depressed, ^e said “I 
suppose a little.” He spoke more rapidly and 
clearly without speech impediment. Hear- 
ing seemed to be normal. 

The laboratory test results wer2 normal 
except for the blood ammonia level, which 
was normal on admission but rcse to 85 
„mol/L an the fifth hospital day. An EEG 
showed continuous generalized 4- to 7-Hz 
and 2- to 3-Hz moderate voltage, more 
prominent bitemporally. A computed tomo- 
graphic scan was unchanged. Nineteen days 
after admission, the patient usually lay on 
his bed watching television. He was laconic 
and said memory was not perfect, but he 
was oriented and recalled much of a story 
given to him 5 days before. He shcwed no 


interest in reading. 

Ultimately, the patient made a striking 
recovery. Two years later he was described 
as “the best he had been in years.” 


COMMENT 


The patient at his worst was immobile, 
mute, unresponsive, resistive to efforts to 
move him, incontinent of urine, insensitive 
to painful stimuli, and amnesic. It should be 
noted that tone in the limbs was normal, 
and there was no waxy rigidity or catalep- 
sy. His appearance was that of utmost de- 
pression, but since he was amnesic for the 
catatonic period, it was not possible to as- 
certain his affect at that time. There was no 
crying. “Catatonia” was the end stage ofan - 
evolving process characterized by drowsi- 
ness, decreasing spontaneity, confusion, 
impaired memory, slowness, staggering 
gait, and hesitant speech, with inversion of 
syllables. Hallucinations, delusions, or 
other psychotic symptoms did not occur at 
any stage. Symptoms progressed for 2 days 
after discontinuing disulfiram therapy, a 
course attributed to the gradual movement 
of drug out of fat depots into the cir- 
culation.’ The occurrence of similar symp- 


-toms while using disulfiram on two sepa- 


rate occasions is good evidence that the re- 
action was drug related. 

A few further points may be singled out. 
The patient, on one occasion during the 
mute, immobile period, thrust his hand out 
and caught in midair a menu falling from 
the table in front of him. Although sucking 
and grasping reflexes were absent, the pa- 
tient fingered objects and tended to reach 
out automatically toward those around 
him. He handled his glasses and crossed 
and uncrossed his legs. He had a few myo- 
elonic jerks and occasionally he startled. At 
times he turned his head quickly to one side 
as if attracted there. His reaction to pain 
was not precisely determined, but he did not 
react when a laceration was sutured. There 
was some paradoxical activity,’ as when, 
while being cajoled by a friend, he suddenly 
blurted out, “Shut up.” 


The Concept of Catatonia 


Before proceeding to a discussion of 
the biochemical basis of the patient’s 
reaction to disulfiram, a digression is 
necessary to inquire in more detail into 
the nature of the patient’s clinical 
state, and particularly to determine 
whether use of the term catatonia is 
appropriate. To this end, the history of 
the concept of catatonia will be re- 
viewed in some detail, a step that is not 
untimely since the term as used cur- 
rently has acquired various connota- 
tions. — 

In 1874, Karl Kahlbaum’ described 
in a small monograph of 104 pages a 
new mental disease entity, Die Ka- 
tatonie, or Das Spannungsirresein. 
General paralysis of the insane had 
been delineated as a separate process, 
bringing a revolution in psychiatric 
thinking. With this as the prototype, 
Kahlbaum set about delineating his 
new illness, which also combined psy- 
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chic and somatic manifestations. He 
wrote: 


Catatonia is a brain disease which runs a 
changeable course in which the psychic 
manifestations of melancholia, mania, psy- 
chiatric stupor, confusion, and finally de- 
mentia succeed one another cyclically. One 
or more of these may be missing from the 
picture. In addition to the psychic symp- 
toms, motor cisorders generally in the form 
of Krampfe are an essential part. 


Interpreting Spannung and Krämpfe 
in modern neurological terms is not a 
straightforward exercise, and here 
they have been translated as “spastic- 
ity.” Nonetheless, the actual clinical 
motor abnormalities with which Kahl- 
baum’s patients were affected can be 
recognized from the descriptions and 
are familiar to present-day psychia- 
trists. At the time of Kahlbaum’s ob- 
servations, folie circulaire (manic-de- 
pressive disease) and hebephrenia had 
been described as entities, but a vast 
array of psychiatric symptoms re- 
mained relatively unassigned, and 
from this the clinical picture of cata- 
tonia was fashioned. 

The clinical condition to which cata- 
tonia stood in closest relationship was 
so-called melancholia attonita (stu- 
porous melancholy), a moderately ad- 
vanced state of depression, in which 
the patient sat quietly or mute, immo- 
bile, motionless, without initiative, un- 
reactive to needle pricks, with expres- 
sionless face staring into space and 
showing flexibilitas cerea as in cata- 
lepsy, a phenomenon that could be se- 
vere or slight but was always present. 
The depressive state itself not only 
varied in severity but not uncommonly 
changed into mania and excitement 
that lasted a variable time before re- 
covery occurred, depression recurred, 
or another state. was entered, for ex- 
ample, dementia. (It should be ex- 
plained that in its psychiatric context, 
stupor meant stupefied or dull, without 
implying decreased alertness as it does 
in modern neurology, and dementia 
was used as a broad term for undiffer- 
entiated mindlessness, whether psy- 
chic or due as we now know to struc- 
tural disease.) These different phases 
were generally marked, if the patient 
was not mute, by all manner of psy- 
chical abnormality—auditory and vi- 
sual hallucinations, delusions, para- 
noia, bizarre thoughts, ideas of refer- 
ence, religious fantasies, flight of 
ideas, and states of exaltation and ec- 
stasy. Negativism (refusal to eat, dress, 
get up, or stand) could be prominent. 

It was the somatic or motor accom- 
paniments, however, that especially 
characterized catatonia, analogous to 
paralvsis in general paresis. Careful 
observation showed that in the early 
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stage of melancholia attonita, epilep- 
tiform attacks or other krampfhafte 
(convulsive) states occurred in many 
cases, while later, persistent kramp- 
fartige (spastic) states appeared that 
reached an extreme development in 
the form of flexibilitas cerea (waxy ri- 
gidity in which the limbs maintain the 
position in which they are placed). It 
seems clear from this that cerea flex- 
ibilitas was an essential ingredient of 
catatonia. Other motor disorders in- 
eluded tonic or clonic movements, 
“functional” spasms, choreiform 
movements, tics, negativism (involun- 
tary resistance to passive movement), 
stereotypy in the form of monotonous, 
aimless, repetitive, often foolish mo- 
tions, prolonged preservation of un- 
usual postures of limbs and body (es- 
pecially characteristic of catatonia), 
mannerisms, grimacing, pouting of the 
lips (Schnauzkrampf), whispering, 
closed eyes, queer daily habits, sense- 
less gestures, movements borrowed 
from the patient’s occupation, disrob- 
ing, clenched fists, contractured limbs, 
unusual gaits, rigid stance, impulsive 
acts, verbigeration (Kahlbaum coined 
the term), loquacity, preaching, fatu- 
ous smiling, and hollow laughter. The 
author suggested that verbosity and 
verbigeration could bea clonic Krampf 
and mutism a tonic Krampf in the 
speech-nerve pathways. Also, spasms 
of laughter or crying were evidence of 
a krampfartig process. Actual paraly- 
sis did not occur, unless one assumed 
that a motor deficit was present when 
patients who did not respond to needle 
pricks claimed later, when recovered, 
that they had felt them. Other common 
features of catatonia were occipital 
headache, pedal edema, anemia, and 
pulmonary tuberculosis. Since Kahl- 
baum’s time, there have been added to 
the list echopraxia, echolalia, and au- 
tomatic obedience. 

Choice of the term catatonia re- 
quires a word of explanation. Accord- 
ing to Kahlbaum, the manifold and 
changing spastic symptoms were a 
central feature of the new disease and 
therefore should serve as a basis for 
naming the illness. “Since in every 
case, there is an alteration in the 
Spannungs-Zustande [state of tension 
or tone] of the musculature, or better 
stated in the corresponding nerves, it 
is appropriate that I name the illness 
Spannungsirresein or Vesania Kata- 
tonica (Katatonia).” Spannungsirre- 
sein has been interpreted variously as 
tension, rigid, or spastic insanity. 
Vesania was a common term for in- 
sanity, and Vesania Katatonica would 
be interpreted as catatonic insanity, 
which might have been the preferred 
way to leave it. The author added (Ka- 


tatonia), which in German is die Ka- 
tatonie. General paralysis was fre- 
quently used in the abbreviated form 
for general paralysis of the insane, and 
thus a precedent existed for omitting 
insanity and using only the adjective 
Katatonia. It is remarkable that 
throughout the monograph, the author 
did not use the term tone or a deriva- 
tive thereof in referring to any of the 
motor disorders. Melancholia attonita, 
mentioned frequently, was a stuporous 
state. The Greek prefix kata has been 
used with several meanings and in 
catatonia denotes an anomaly of ten- 
sion or tone. 

The terms used to describe the 
motor disorder included Krämpfe, 
Krampfhafte Zustände, Krampfartige 
Zustände (persisting spasm, which in 
its extreme form constituted cerea 
flexibilitas), Katalepsie, Krampfan- 
falle (seizures), Anspannung (resis- 
tance as in negativism), Negative 
Spannung (a tendency to negation), 
Starren Haltung (stiff posture), 
Krankhafte Innervation der Mo- 
torischen Nerven, and Spastische 
(spastic). A satisfactory translation of 
catatonia might be insanity or psycho- 
sis with abnormalities of muscle tone. 

The author stated that catatonia 
was to be distinguished from general 
paralysis of the insane, from mental 
disease in which there were no motor 
phenomena or cyclical changes, and 
from mental illness that involved only 
a few mental functions or was second- 
ary to systemic disease. Kahlbaum 
recognized severe and mild forms of 
catatonia, which he termed catatonia 
gravis and catatonia mitis, respec- 
tively. When the illness was of long 
duration, he used the term protracted 
catatonia. Kahlbaum finally summa- 
rized the central features of his cata- 
tonia as depression, unmotivated si- 
lence, at least slight catalepsy (waxy 
rigidity), negativism, rigidity of body 
posture, and stiffness of the limbs. The 
eases he was setting apart had previ- 
ously been described under such titles 
as melancholia attonita, melancholia 


_gtupida, stupidity, melancholia with 


stupor, abulia, speechlessness, and in- 
sanity complicated by spasms and cat- 
alepsy. 

The concept of catatonia as a sepa- 
rate autonomous disease entity was 
not widely accepted, although Neisser? 
in his monograph critically examined 
Kahlbaum’s work and concluded that 
not only were his findings valid but 
also they represented an outstanding 
contribution to psychiatry. The em- 
phasis that Kahlbaum placed on the 
close relationship between catatonia 
and depression (and mania) suggests 
that the later interpretation of the ill- 
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ness as simply a subtype of dementia 
praecox by Kraepelin? and of schizo- 
phrenia by Bleuler” may not have been 
an accurate portrayal, especially in 
light of the experience of the past 50 
years, that schizophrenia accounts for 
only a small fraction of cases diag- 
nosed as catatonia, the majority of 
which are affective in nature. Fur- 
thermore, in the schizophrenic group, 
an affective component may be prom- 


inent. Kirby” clearly documented the - 


occurrence of catatonia in manic-de- 
pressive disease. 

When all or most features are 
present, the diagnosis of catatonia can 
be agreed on, particularly if there is a 
history of a similar episode and a 
detailed account of the evolution of the 
present illness. However, with less 
complete syndromes, the question is 
which features are central to the diag- 
nosis, and how many are required. A 
psychotic illness without motor disor- 
ders should not qualify. Motor disor- 
ders by themselves should also, 
strictly speaking, be insufficient, but 
here the situation is less clear, for 
since it was the distinctive motor ab- 
normalities that gave catatonia its 
name, the typical motor disorders 
could logically constitute catatonia. 
Moreover, by common usage catatonia 
has come to refer to the physical part 
of the syndrome, with less attention 


paid to the mental state. And when the `: 


patient is mute and immobile, the state 
of mind cannot be easily assessed. It is 
assumed, of course, that the patient is 
alert and that unresponsiveness is not 


accounted for by sleepiness or coma. © 


Regardless of which interpretation of 
catatonia is favored, the motor disor- 
ders themselves ought to be strin- 
gently defined. 

The nature of the altered muscle 
tone is most important. Is it due to 
catalepsy, spasticity, gegenhalten, ex- 
trapyramidal deficit, contracture, or 
hysteria? Of these, only typical cata- 
lepsy is diagnostic. Claude et al”? 
showed by electromyography that the 
phenomenon of waxy rigidity is a psy- 
chical or voluntary disorder bearing 
selectively on the initiation of move- 
ment and altered by psychic diversion 
and change of attention. Baruk noted 
an anticipation of movement when the 
elbow was passively flexed and a ter- 
minal “overshoot” at the end of pas- 
sive dexion. What if muscular tone is 
normal? Kahlbaum’ stated that waxy 
rigidity was always present in catato- 
nia, and that view has not been for- 
mally challenged. Unusual posturing 
of the body and limbs, if present, 
should not be explainable by extrapy- 
ramidal rigidity or dystonia or the 
preservation of posture that occurs 
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with frontal lobe disease. The motor 
response to painful stimuli should be 
noted, as should the presence of grasp- 
ing and sucking reflexes. Does the pa- 
tient appear to be trying to speak or 
okey? This is not expected in catatonia. 

In structural disease o? the central 
nervous system, one condition closely 
mimics catatonia and makes all of the 
points just raised relevant, and that is 
akinetic mutism, a subject to be dis- 
cussed later. 


Catatonia Associated With Medical 
Iliness 


Beginning with Kraepelin, it has 
been regularly painted cut that the 
catatonic complex can occur with ce- 
rebral processes other than the psy- 
choses. Gelenberg,” defining catatonia 
as composed of (1) motor signs, (2) 
psychosocial withdrawal, and (8) bi- 
zarre repetitive behavior, recom- 
mended that it be considered a syn- 
drome with various possible causes, in 


. addition to depression and schizophre- 


nla. The list of conditions associated 
with the catatonic syndrome as pre- 
pared by Gelenberg included epilepsy, 
hysteria, arteriosclerotic parkinson- 
ism, surgical pallidectomy, bilateral 
pallidal lesions, viral encepLalitis, aki- 
netic mutism, lesions of the temporal 
lobes, tumor of the septum pallucidum, 
tumors and hemorrhages in the region 
of the third ventricle, frontal lobe 
lesions, aneurysms, cranial trauma, 
petit mal states, Wernicke’s encepha- 
lopathy, tuberous sclerosis, general 
paresis, narcolepsy, encephalitis le- 
thargica, and mental retardation. 
Catatonia has also been described in 
diabetic ketoacidosis. hypercalcemia 
of parathyroid adenoma, fellagra, 
acute intermittent porphyria, homo- 
cystinuria, membranous glomerulone- 
phritis, hepatic encephalopathy, 
fluoride poisoning, carbon monoxide 
asphyxiation, high-dose neuroleptics, 
fluphenazine lethal intoxication, mes- 
caline use, and ingesticn of ethyl alco- 
hol, amphetamines, phencevelidine, 
and aspirin. 

That each of these disease or meta- 
bolic processes could replicate a cere- 
bral state associated with the vsycho- 
ses would be of considerable theoreti- 
cal importance, but a review of the 
literature cited revealed that in many 
cases the diagnosis of catatonia had 
not been established by strict criteria. 
Of the 27 articles reviewed, 23 were 
short reports of single cases. Some- 
times the diagnosis was merely the 
tentative label applied by a referring 
agency. In 6 cases, it was only stated 
that catatonia existed, without further 
description.'*?! In 5 cases, the picture 
was of classic depressive or schizo- 


phrenic catatonia,”** and the associ- 
ated illness may well have been coinci- 
dental rather than causative. In 14 in- 
stances, use of the term was explained 
to some extent, and/or the clinical pic- 
ture was described. In 4 of these, cata- 
tonia referred to the presence of waxy 
flexibility,” in 3 to holding peculiar 
postures,” in 3 to akinetic mu- 
tism,** and in 2 to a trancelike 
stupor.: One patient was schizo- 
phrenic and developed an extrapy- 
ramidal syndrome following the ad- 
ministration of a neuroleptic.” Two pa- 
tients showed dementia and lethargy 
of neurological origin.” 

In most of these cases, the psychosis, 
which is an essential component of 
classic catatonia, was not demon- 
strated, but it must be recognized that 
except for depression ‘and schizophre- 
nia, the mental states that may be part 
of catatonia have not been clearly de- 
fined. For example, states of confusion 
and delirium might not qualify since 
Kahlbaum’ excluded mental distur- 
bances secondary to systemic disease. 
In the cases described in the preceding 
review, the clinical state most often 
was a motor syndrome consisting of 
mutism, immobility, and altered mus- 
cle tone. This narrow view of catatonia 
is commonly found in the neurological 
literature,’ and there may be merit 
in breaking with tradition and creat- 
ing a new category, motor catatonia, 
divorced from the mental state. But 
here again precise definitions would 
have to be formulated. For example, 
would waxy rigidity have to be present 
as Kahlbaum insisted? What if the re- 
mainder of the clinical picture is that 
of classic catatonia, but tone in the 
limbs is normal, as it was in the patient 
reported herein? Kahlbaum’s view 
may be too restricted,. but experience 
of the past 100 years has not addressed 
that point. Having stripped catatonia 
of its psychotic and cataleptic compo- 
nents, there are left for the most part 
only mutism, immobility, and altered 
tone, a combination that closely re- 
sembles akinetic mutism or abulia, a 
widely operative disorder that fre- 
quently colors serious neurological 
conditions. Differentiation would pose 
a problem, and the dismantling of 


‘catatonia will have accomplished lit- 


tle. As a compromise, it might be ten- 
tatively suggested that subtypes of 
catatonia be recognized and given suit- 
able designations, eg, classic catato- 
nia, catatonia without catalepsy, and 
motor catatonia. 


. Further Consideration of the Differential 


Diagnosis of Catatonia 


In akinetic mutism, spontaneous 
and elicited activity—motor, ide- 
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` ational, and emotional—are reduced 
or absent, causing a picture of inertia 
that closely resembles catatonia.* Cur- 
rent evidence is that akinetic mutism 
results from compromise of the dual 
mesencephalobasal forebrain-medial 
frontal dopaminergic systems.’ In 
akinetic mutism, the setting and the 
details of the examination are usually 
quite different from catatonia. There 
will be accompanying neurological 
signs of damage to brain tissue; the 
abnormalities of muscle tone are in- 
voluntary and due to spasticity, gegen- 
halten, or extrapyramidal deficit; 
grasping or sucking reflexes may be 
present; and waxy rigidity will be 
missing. The telephone effect may be 
prominent, ie, the patient speaks on 
the telephone but not in personal 
conversation.6 Rapid changes to a 
manic phase or toward recovery do not 
occur, and there will not be a history of 
previous episodes, as there may be in 
genuine catatonia. The EEG is abnor- 
mal. The great similarity that may ex- 
ist between catatonia and akinetic 
mutism was demonstrated at a weekly 
neurological conference at the Massa- 
chusetts General Hospital, Boston. 


The patient was mute and immobile 2 - 


weeks after rupture of an anterior 
‘communicating artery aneurysm, and 
the opinions of the audience of some 90 
neurologists were about equally di- 
vided between catatonic depression 
and akinetic mutism. In view of the 
close resemblance of the two condi- 
tions, it is not too farfetched to specu- 
late that the expression of classic cata- 
tonia involves the same mesenceph- 
alofrontal system postulated for 
akinetic mutism. 

Epidemic encephalitis is often men- 
tioned as an organic cause of catatonia, 
but Wilson” stated that he had never 
seen such a patient exhibit waxy ri- 


gidity. Other organic states resulting ~ 


from structural] disease that produce a 
picture superficially resembling cata- 
-tonia include the “locked-in” syn- 
drome in which the patient is para- 
lyzed and mute but, via signaling, in- 
` dicates preservation of intellect and 


volition, and bicerebral coma in which ` 


damage to the cerebral hemispheres 
bilaterally leaves the brain stem func- 
tioning, giving the false appearance of 
alertness with preservation of sponta- 
neous eye blinking and eye move- 
ment.*! i 
The eight patients of Gelenberg and 
Mandel all had psychoses treated 
with high-potency neuroleptics, as a 
result of which they developed mut- 
ism, hypokinesia, decreased respon- 
siveness, negativism, rigidity, postur- 
ing, and waxy flexibility. These symp- 
toms cleared dramatically with 
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amantadine therapy. The authors pos- 
tulated that neuroleptics induced both 
a catatonic motor disorder and a se- 
vere extrapyramidal syndrome. In this 
setting, flexibilitas cerea, posturing, 
and mutism could be manifestations of 
an extrapyramidal process, a differen- 
tiation that might require a precise 
analysis including electromyography. 
It will be of interest if neuroleptics in- 
duce a catatonic motor disorder while 
relieving a psychosis. | 

It is possible that a metabolic or 
structural insult could, by an effect on 
the tegmental-medial frontal tract, 
produce classic catatonia with both 
psychic and somatic components, and 


two examples are referred to in the 


literature. Steriade et al? described 
the remarkable case of a 13-year-old 
boy with the sudden onset of a hemor- 
rhage into the brain stem. In the first 
month, he was immobile and mute, but 
by signaling with the left fingers, it 
could be shown that memory and in- 
tellect were intact. In months 2 to 4, he 
remained mute but occasionally car- 
ried out voluntary actions. An EEG 
showed slow-wave activity. During 
months 5, 6, and 7, negativism ap- 
peared, food was held in the mouth or 
spat out, and the patient-refused to 
signal with his left fingers. In months 
8 and 9, he began to say sentences, but 
for the most part was mute, immobile, 
and apathetic, adopted unusual pos- 
tures, showed catalepsy and verbiger- 
ation, and. expressed strange psychotic 
ideas. In the ninth month, emotional- 
ity returned, and rather suddenly in 
the course of a few days, his behavior 
became normal, and 1% years later he 
was still well. The authors regarded 
the case as an example of an organic 
neurological illness causing akinetic 
mutism, which during recovery gave 
way to a schizophrenic state. In the 
other example,“ a 15-year-old girl with 
homocystinuria and homocystinemia 


without hypermethioninemia also ex- . 


hibited the picture of catatonic schizo- 
phrenia, which was repeatedly respon- 
sive to folate administration. 

Genuine catatonia has been associ- 
ated with hysteria. Gowers® reported 
that in his experience catalepsy (sus- 
pended animation with assumption of 
unusual postures) was almost always 
associated with distinct evidence of: 
hysteria. Classic catatonia occurred in 
a patient with systemic lupus erythe- 
matosus receiving steroid therapy.” In 
a similar personal case, the clinical 
picture was typical except for the ab- 
sence of waxy rigidity. 

In documenting catatonia or a cata- 
tonialike state, there are many items 
in the examination that from a neuro- 
logical point of view may be relevant. 


In addition to the main ones already 
mentioned, the following should be 
noted: respiration, temperature, blood 
pressure, appetite, taste, eyelids open 
or closed, blinking, blink to threat, oc- 
ular movements, pupillary reaction, 
tearing, blepharospasm, attraction to 
sights. and sounds, reaction to pain, 
corneal reflex, current memory, later 
memory and insight for the event, ef- 
fect on sleep and dreaming, yawning, 
hiccups, grasp reflex, sucking reflex, 
paradoxical bursts of activity, reaction 
on the telephone, response to whisper- 
ing, facial expression, axial rigidity, 
gait, grimacing, mannerisms, holding 
saliva in the mouth, drooling, holding 
the breath, cegree of negativism, af- 
fect, crying, confusion, verbigeration, 
rhyming, echolalia, echopraxia, com- 
bativeness, incontinence of bowel and 
bladder, and so on. The laboratory ex- 
aminations should include EKG, elec- 
tromyography, and brain magnetic 
resonance imaging. The response to 
drug intervention should be noted. 
One is left with the impression that 
classic catatonia is a psychiatric ill- 
ness not often exactly duplicated by 
other disease processes or intoxica- 
tions. The latter are capable of pro- 
ducing a state resembling catatonia 
but not satisfying strict criteria. It 
might.be argued that making such fine 
distinctions is merely hairsplitting, 
and that if the state looks like catato- 
nia, let it be called catatonia. That 
view, already discussed in previous 


paragraphs, may have practical merit, . 


but in this instance, with knowledge of 
the psychoses limited as it is, it may be 
advantageous for accounts of natural 
phenomena to be precise. 

Did the subject of this report have 
catatonia? At his worst, he sat.immo- 
bile, mute, unresponding, insensitive 
to painful stimuli, and incontinent of 
urine. His face was expressionless, and 
he stared ahead or his eyes wandered 
without fixing on the examiner despite 
verbal entreaties to respond: He dis- 
played not only passive negativism but 
also active negativism when attempts 
were made to have him stand or walk. 
There were episodes of paradoxical ac- 
tivity, as when he suddenly blurted 
out, “Shut up,” when he escaped from 
a wheelchair, and also when he caught 
a falling menu in midair. However, 
tone in the limbs was normal, and 
there wes no waxy rigidity or catalep- 
sy. The patient fingered objects and 
tended to reach out automatically to- 
ward those around him, but there was 
no grasping or sucking reflex. On re- 
covery, he was amnesic for the entire 
period, whereas in classic catatonia 
the patient may have excellent recall 
for the unresponsive hiatus.” When 
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asked if he had been depressed, he said, 
“I suppose a little.” He had disclaimed 
depression at the time of admission. 
His EEG was abnormaL Apart from 
the lack of waxy rigidity, the patient 
appeared to be the picture of melan- 
cholia attonita or catatoria. The other 
main possibility is that disulfiram pre- 
cipitated akinetic mutism or abulia, 
which proved to be rapid_y reversible. 
The close resemblance of the two 
states and the difficulty in distinguish- 
ing them is well illustrated herein. One 
might also speculate that the meta- 
bolic disturbance of disalfiram pro- 
voked a third state not quite matching 
either of the other two. For purposes of 
further discussion, it may not make 
much difference which label is affixed, 
and rather than belabor tre matter, it 
must suffice that the available facts 
have been presented with the expecta- 
tion that further experience will bring 
clarification. 

The two cases of disulfiram catato- 
nia previously described”? were simi- 
lar to the case presented herein. Both 
patients were confused amd showed 
poor memory, mutism, immobility, 
staring, nonresponsiveness, and nega- 
tivism. Neither had waxy rigidity, but 
one held his arms raised (cetalepsy?). 


The Biochemical Basis for the Disulfiram 
Reaction 


Assuming that disulfiram evoked in 
three patients a rather similar cata- 
tonic syndrome resembling akinetic 
mutism, can a plausible biochemical 
interpretation of cerebral events be 
offered? Disulfiram, tetreethylthi- 
uram disulfide, inactivates hepatic al- 
dehyde dehydrogenase by modifica- 
tion of cysteine residues, ther2by lead- 
ing to toxic levels of aldehyde when 
ethyl alcohol is ingested.’ Tris prop- 


erty of disulfiram has not been linked ` 


to its neurotoxicity. Disulfiram is also 


an inhibitor of dopamine f-rydroxy- © 


lase (DBH),* a copper-contairing gly- 


coprotein enzyme of molecular weight - 


close to 290000 d that catalyzes the 
conversion of dopamine to norepineph- 
rine in the catecholamine storage ves- 
icles of peripheral and central adren- 
ergic neurons. This provides a promis- 
ing mechanism of action based on 
neurotransmitter-receptor hypothe- 
ses. In disulfiram intoxication dopa- 
mine should accumulate since its con- 
version is blocked. Increased dopamine 
level could precipitate a schizophrenic 
psychosis, one manifestation of which 
is catatonia, and theory and fact would 
be in accord. On the contrary, the 
abulia model would call for a decrease 
in dopaminergic activity, not an in- 
crease. Invoking the. principle of nega- 
tive feedback whereby increased 
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dopamine level results in decreased 
production would skirt that obstacle. 

Another possible effect of DBH 
blockade would be reduced formation 
of norepinephrine with precipitation 
of depression. Our patient disclaimed 
depression, although his appearance 
indicated otherwise, and his intellec- 
tual deterioration may have prevented 
him from judging whether he was de- 
pressed or not. There was no mention 
of depression in the two other reported 
cases of disulfiram catatonia. As men- 
tioned previously, disulfiram neuro- 
toxic reaction has taken several forms 
other than catatonia—depression, ma- 
nia, confusion, schizophrenia, para- 
noiz, and disorganized thinking—al- 
most all of which are in keeping with 
increased dopamine activity and de- 
creased norepinephrine activity. If de- 
pression was actually a fector in the 
present case, catatonia could also have 
that origin, ie, disulfiram produced a 
full depressive-catatonic syndrome. 
There remains the ever-present reser- 
vation, however, that the state did not 
exactly replicate classic catatonic in- 
sanity. Increased dopamine activity 
presumed to be present in cisulfiram 
intoxication would be at odds with the 
explanation for neuroleptic catatonia, 
in which there is a decreased dopa- 
minergic effect as a result of dopamine 
receptor blockade. In weighing the 
various alternatives, the iraportance 
of complete and accurate descriptions 
of clinical events becomes clear. In 
summary, the action of disulfiram as 


‘an inhibitor of DBH accounts theoret- 


ically for some of the observed neuro- 
toxic effects, but only partially and 
then on the basis of assumptions that 
may be ill founded. 

It has also been shown that di- 
sulfiram inhibits peptide amidation® 
and induces DT-diaphorase (reduced 
nicotinamide adenine dinucleotide 
[phosphate] dehydrogenase quinone), 
but these actions have not been inves- 
tigated in cerebral metabolism. 

The noncatatonic complications of 
disulfirem neurotoxic reaction have 
been interpreted variously. Strecker 
and Lathbury* postulated that alco- 
holics, being psychologically unstable, 
are predisposed to disulfiram psycho- 
sis, especially in the early days of ab- 
stinence. Macklin et al described 10 
cases with psychotic reactions. that 
subsided on stopping use of the drug. 
In 6 of tnese, disulfiram therapy was 
reinstituted after recovery without re- 
currence of a psychotic episode, a se- 
quence of events that led to tae hy- 
pothesis that the primary factor in the 
production of the psychoses was 
psychogenic rather than toxic. 
Wallerstein® concluded that with di- 


sulfiram, patients inclined to depres- 
sion become depressed, latent schizo- 
phrenics become schizophrenic, and 
eyclothymics become manic. The 
present patient was naturally shy, 
quiet, and passive, and his sister had a 
long history of mental illness refrac- 
tory to therapy. Heath et al* adminis- 
tered disulfiram to 9 chronie schizo- 
phrenics and 9 volunteer prison in- 
mates. The schizophrenics but not the 
volunteers developed for the first time 
auditory hallucinations along with de- 


- lusional thinking, autism, depersonal- 


ization, bizarre ideation, and inappro- 
priate affect. Interestingly, 1 volunteer 
who had a temporal lobe EEG abnor- 
mality developed full-blown psychotic 
symptoms with delusions and disori- 
entation. At the height of the reaction 
to disulfiram, some patients were un- 
able to formulate words. All subjects 
at peak dosages displayed symptoms of 
an intoxicated state: lethargy, reduced 
stream of thought, impaired memory, 
and decreased ability to calculate. This 
response suggests that (1) disulfiram is 
broadly toxic beyond a certain thresh- 
old, (2) drug idiosyncrasy is not a fac- 
tor, and (8) the effect is reversible in 
several days. 
Following new developments in the 
biochemical basis of the psychoses, 
Stein® attributed disulfiram symp- 
toms to a buildup of dopamine. At that 
time, Wise and Stein“ reported re- 


_duced levels of DBH in the brain tissue 


of schizophrenics, but Wyatt et al” did 
not confirm this. Meltzer et al" found 
no significant change in serum DBH 
levels in schizophrenia, bipolar mania, 
and neurotic depression. Depressed 


. unipolar patients had significantly 


lower DBH levels than controls. Val- 
ues determined longitudinally did not 
parallel the course of the illness. 
Knee and Razani” observed that 
phenothiazine antipsychotic medica- 
tion could make a disulfiram psychosis 
worse. Lake et al® found slightly in- 
creased plasma levels of norepineph- 
rine in patients receiving disulfiram 
but no change in DBH. Ewing et al” 
described an unusual event in which a 
“normal” volunteer who received di- ' 
sulfiram-in a double-blind study be‘ 
came psychotic, this being the only 
such reaction among 30 subjects. It 
turned out that this subject had actu- 
ally had a schizophrenic episode 1 year 
before. His control blood level of DBH 
before disulfiram was 0 nmol/mg, 
whereas the average for the other sub- 
jects was 28.2 nmol/mg (range, 2.11 to 
75.0 nmol/mg). During disulfiram ad- 
ministration, the subject’s plasma 
level rose to 1.28 nmol/mg, and it was 
postulated that the patient had a very 
low reserve of DBH before therapy and 
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a slight increase could not be tolerated. 
His reaction consisted of speaking to 
imaginary people, mumbling, with- 
drawing from social contact, posturing 
in a catatonic manner, making irratio- 
nal statements and loose associations, 
having blunted affect, grimacing, smil- 
ing inappropriately without being able 
to say why, being paranoid, feeling 
vague uneasiness, and feeling that 
some undefined force was against him. 
The episode was exactly like that of 1 
year before. The authors suggested 
that buildup of dopamine and result- 
ant excess of dopamine to norepineph- 
rine evoked the psychosis. Dopamine 
B-hydroxylase does not cross the 
blood-brain barrier, and plasma levels 
are thought to reflect peripheral sym- 
pathetic nervous system activity.‘ In 
contrast with this line of reasoning, 
Rainey“ postulated that the toxic ef- 
fect of disulfiram was due to carbon 
disulfide, one of its derivatives, and 
presented impressive evidence for the 


idea, but plasma levels of the disulfide 


were not measured. 

The conclusion seems warranted 
that at least in predisposed individu- 
als, disulfiram can induce psychotic 
symptoms. Formulation of a modus 
operandi for this effect is at present 
elusive, but this should not discount 
the relevance of the observations. 
Even if the effect were limited to pre- 
disposed individuals, the significance 
of the reaction is not diminished and 
indeed might be increased. It is possi- 
ble that further therapeutic neuro- 
transmitter manipulation—neurolep- 
tic, antidepressant, and benzodiaz- 
epine—in the acute stage would 
provide clues to the mechanism. Stud- 
ies of the localization of disulfiram ac- 
tivity in the brain of animals should 
also be undertaken, with special atten- 
tion to brain-stem and medial tempo- 
ral structures, since clinically, neocor- 
tical function is relatively preserved in 
disulfiram intoxication. 


This study was supported by the Freed Foun- 
dation, Washington, DC. 
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Dementia 


A Review Emphasizing Clinicopathologic Correlation 
and Brain-Behavior Relationships 


Helena Chang Chui, MD 


@ Numerous pathogenetic mecha- 
nisms may lead to the progressive loss of 
memory and intellectual function known 
as dementia. Currently, the dementias are 
classified according to clinicopathologic 
entities, although for clinical diagnosis, 
this introduces a degree of uncertainty. 


Characteristic patterns of behavior and .- 


anatomic pathology have .been associ- 
ated with specific clinicopathologic enti- 
ties. Although somewhat simplistic, clas- 
sification of the dementias as cortical vs 

subcortical embodies the precept that 
` brain substrate is Intimately tied to behav- 
idr. Lessons in brain-behavior relation- 
ships are reviewed for four clinicopatho- 
logic entitles: Alzheimer’s disease, Pick’s 


disease, vascular dementia, and Parkin- 


son’s disease. Dementing illnesses have 

` contributed significantty to our under- 

standing of brain-behavior relationships. 

Major progress can be anticipated as 

diagnostic Issues are resolved and biolog- 

ical and state-specific markers emerge. 
(Arch Neurol 1989;46:806-8 14) 


ementia refers to a deterioration 
in multiple cognitive abilities that 
exceeds the decline expected with nor- 
mal aging and occurs in a state of 
clear consciousness.' -Although de- 
mentia focuses on cognitive deficits, 
emotional and personality changes 
usually occur concomitantly. Demen- 
tia is a clinical and not a pathologic 
diagnosis, although underlying struc- 
tural changes are presumed. 
Dementias may be classified around 
any number of variables, such as etiol- 
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ogy, pathology, pathogenesis; age at 
onset, symptoms, response to treat- 
ment, etc. The traditional classifica- 
tion distinguished presenile and senile 
dementias according to age of symp- 
tom onset.2 However, as knowledge 
regarding underlying pathology ac- 
crued, classifications became orga- 
nized according to general etiologic 
mechanisms (such as degenerative, 
vascular, toxie-metabolic, and infec- 
tious) and. specific clinicopathologic 
entities (such as Alzheimer’s disease 
[AD] and multi-infarct dementia). 
Classification of the dementias based 
on etiology, while ideal, remains elu- 
sive, since the causes of the most 
prevalent forms of dementia are not 
known. 

There is an extensive literature (Ta- 


‘ble 1) concerning differential diagno- 


sis in clinical series of patients with 
dementia’ More than half of the 
dementias have been attributed to 
degenerative neurologic disease, with 
AD being a major contributor and 
Pick’s disease being quite rare. In this 
cumulative series of 689 patients, 
dementia was ascribed to vascular 
causes in only 9%. However, both 
series of pathologic cases of dementia 
and the advent of magnetic resonance 
imaging suggest that the contribution 
of ischemia to dementia may be uni- 
formly underestimated. In pathologic 
series, for example; vascular dementia 
is diagnosed in 15% of patients dying 
younger than age 70 years, and in 
22.5% of patients dying older than age 


70 years." Fifteen percent to 20% of. 


patients in Table 1 received a variety 
of diagnoses, some with more favor- 
able prognoses given proper recogni- 
tion and treatment. These include 
depressive pseudodementia as well as 
toxic-metabolic-endocrinologic dis- 
turbances, 


normal-pressure hydro- 


cephalus, certain mass lesions, and 
infections.” . ) 

Although diagnostic guidelines” 
and rating scales*'*'* have been pro- 
mulgated, the absence of specific diag- 
nostic markers frequently limits the 
accuracy of clinical diagnosis. Patho- 
logic confirmation remains the cur- 
rent “gold” standard for the diagnosis 
of the most prevalent forms of demen- 
tia. In AD, 55% to 82% of clinical 
diagnoses have been confirmed patho- 
logically (Table 2). Clinical diagnosis 


. of multi-infarct dementia and mixed 


AD-multi-infarct dementia appears 
to be more problematic. In a ten-year 
retrospective study of 776 patients, 


. the sensitivity of clinical diagnosis 


was 70% for AD, 57% for multi- 
infarct dementia, and 30% for mixed 
cases; the respective specificities were 


18%, 82%, and 84%.” Results of 


recent prospective but smaller longi- 
tudinal studies, in which 14% to 38% 
of the original study population 
underwent autopsy, indicate’ the 
Hachinski Ischemia Scale!!! to be 
fairly sensitive and specific for the 
differentiation of AD and multi- 


infarct dementia (approximately T0% 


to 80%), but rather insensitive to the 
presence cf combined disease (17% to 
50%). Although diagnostic accura- 
cy is improving, these results illus- 
trate continued limitations in the 
clinical diagnosis of dementia. 


BRAIN BEHAVIOR 

RELATIONSHIPS: 

SUBCORTICAL VS 
CORTICAL DEMENTIAS 


Recently, interest has been focused 
on the relationship between patterns 
of cognitive impairment and the 
underlying distribution of brain 
pathology. Since the sine qua non for 
dementia is the presence of multiple 
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l Table 1.-~Dementia Diagnoses in Several Clinical Series 


Source, y 
ttt tt EA A a a E LAN A 


Marsoéen and 


Victoratos 


No. of patients 


Sex, ratio M:F 


Diagnosis, No, (&%) 


Harr:son,® 


1672 
136 


Freemon,* 


1976 
60 - 


et al, t0 
1977 


52 


Katzman * 


56 


Hutton,® 


1981 


Smith and Kiloh,? 


1981 
200 





689 





Primary 

degenerative 

dementia 48 (25.3) 26 (43.3) 
Vascular 

dementia 8 (7.5) § (8.3) 
Other 

neurological 

diagnosis 3 (2.8) 7 (41.7) 
Mass 8 (7 5) 2 (3.3) 
Normal-pressure 

hydrocephalus 5 (47) 7 (11.7) 
Trauma 1 (0.9) mek 
Alcohol 6 (5.5) 4 (8.7) 
Drug-toxic 5 (8.3) 
Endocrinologic- 

metabolic sagt 
infectious 3 (2,3) 
Depression or 

psychiatric 10 (9.4) 1 (1.7) 
Other dementia 2 (1.9) 3 (5) 
Nondemented 

uncertain or 

stable 12 (11 3) 


* As reported by Wells,® 1977. 


30 (57.7) 39 (69.6) 22 (22). 84 (42) 74 (64.3) 323 (46.9) 
5 (9.6) 4 (7.1) 12 (12) 22 (11) 4 (3.4) 60 (8.7) 
3 (5.8) 5 (8.9) 5 (5) 5 (2.5) 3 (2.6) 31 (4.5) 
§ (9.6) 1 (1.8) 4 (4) 3 (1.5) 2 (1.7) 25 (3.6) 
4 (1.9) 2 (3.6) 1‘-) 8 (4) 24 (3.5) 
4 (1.9) Sis 2 72) 5 (2.5) Sb 9 (1.3) 
1 (1.9) 3 (5.3) 12°12) 30 (15) 4 (3.4) 60 (8.7) 
1 (1.9) 2 (2) 1 (0.5) 6 (5.2) 18 (2.2) 

nay 2 (3.6) 9 (9) 2 (1.0) 4 (3.5) 17 (2.5) 
2 (3.8) 2 0) 1 (0.5) 8 (1.2) 

T 18 (13) 20 (10) 7 (6.1) 56 (8.1) 
1 (1.9) 3 (3) 3 (1.5) 3 (2.8) 15 (2.2) 
2 (3.8) Ppa 8 (8) 16 (8) 


Table 2.— Ser sitivity and Specificity of Clinical Diagnoses * 


Todorov et al,2° 
1975 
(N = 776) 
Sensitivityt 
Alzheimer's disease 
Multi-infarct dementia 


Mixed 


Other 


Nondemented 
Specificityt 

Alzheimer's disease 

Multi-infarct dementia 

Mixed 

Other ° 

Nondemented* 


Mölsä et al,21 
1985 Wade et al, %2 1987 
(N = 58) (N = 65) 





* Alzheimer's disease includes senile dementia and senile or presenile Alzheimer’s disease. "Mixed" 
indicates combined Alzheimer's diseasa and multi-infarct dementia. . 

Sensitivity is defined as the number of patients with both clinical and pathologic diagnoses of a given 
disease, divided by the total number of pathologic cases of that disease. 

+Specificity is defined as the true-negative rate, ie, the number of patients whose clinical and pathologic 
diagnoses were not of a given disease, divided by the total number of patients with pathologic diagnoses not of 
that disease. Figures were recalculatec for the series of Todorov et al according to this definition. 


concurrent cognitive and behavioral 
disturbances, the ascertainment of 
specific brain-behavioral relation- 
ships in dementia is comp_ex. One 
must draw on natural variability in 
the clinicopathologic picture and les- 
sons from focal human and animal 
studies in formulating hypotheses and 
making deductions regarding specific 
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brain functions and their correspond- 
ing behavioral manifestations. Per- 
haps the first major attempt to define 
brain-behavior relationships in de- 
mentia was.represented by the classi- 
fication of the dementias into cortical 
vs subcortical forms. 

Albert et al? coined the term sub- 
cortical dementia to describe the men- 


8 (6.9) 46 (6.7) 


tal changes accompanying progressive 
supranuclear palsy. These included 
forgetfulness, slowing of thought pro- 
cesses, impaired ability to manipulate 
acquired knowledge, and alteration of 
personality, apathy and depression 
being most common. Although this 
constellation of features was reminis- 
cent of prefrontal lobe dysfunction, 
the designation “subcortical” was 
chosen because the major site of 
pathology was found in the rostral 
brain stem, red nucleus, thalamus, 
and basal ganglia, not in the cerebral 
cortex. 

McHugh and Folstein” noted simi- 
lar intellectual changes in Hunting- 
ton’s disease and also attributed them 
to subcortical pathology. Further- 
more, they noted that aphasia, alexia, 
agnosia, or amnesia were absent in 
Huntington’s disease, in contrast to 
AD, in which cortical pathology is 
prominent. The subcortical dementias 
subsequently came to embrace the 
intellectual syndromes associated 
with Parkinson’s disease, Wuilson’s 
disease, lacunar state, normal]-pres- 
sure hydrocephalus, and depression, 
while the cortical dementias have 
come to include AD, Pick’s disease, 
Jakob-Creutzfeldt disease, and de- 
mentia associated with large-vessel 
strokes.%?? 
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The subcortical-cortical dichotomy 
has proven to be a stimulating con- 
struct for the examination of brain- 
behavior relationships. It has encour- 
aged closer attention to qualitative 
features in the clinical presentation 
as well as to the topographic distribu- 
tion of pathologic lesions.” On the 
other -hand, this dichotomy has not 
been systematically validated and 
remains controversial. The lines 
between purported clinical and patho- 
logic distinctions are frequently bro- 
ken. Diseases that are classified as 
subcortical dementias may have corti- 
cal pathology or vice versa: patients 
with Parkinson’s disease may have 
AD lesions in cerebral cortex.” 
Patients with AD consistently show 


subcortical lesions.” The presence of | 
aphasia does not always imply corti- 


cal pathology.” 

Whitehouse”? has challenged the 
contention that all of the dementias 
can be subdivided into two supraordi- 
nate categories. As I hope will be 
appreciated below, within-group dif- 
ferences (eg, between so-called corti- 
cal dementias) are often just as signif- 
icant as between-group differences 
(ie, between cortical and subcortical 
dementias). Thus, while the subcorti- 
eal-cortical classification represented 
a useful first attempt at clinicopatho- 
logic correlation, the dichotomy can 
now be considered oversimplified. We 
are currently faced with the challenge 
of defining specific contributions of 
individual subcortical projection sys- 
tems and their integration with the 
cerebral cortex. 


BRAIN-BEHAVIOR | 
RELATIONSHIPS IN SPECIFIC 
AGE-RELATED DEMENTIAS 


From the great numbers of disease 
processes associated with dementia, 
certain entities have been singled out 
for more detailed discussion of possi- 
ble brain-behavior relationships. 
These choices were largely influenced 
by high age-specific prevalence rates 


(AD, vascular dementias, and Parkin-. 


son’s disease). However, in one 
instance, selection was based on illus- 
trative value for neurobehavioral cor- 


_relations (eg, Pick’s disease). These _ 


clinicopathologic entities provide a 
framework for discussing the role of 
limbic, paralimbic and multimodal 
association, and prefrontal cortices, 
subcortical white matter, subcortical 
projection systems, and the basal gan- 


glia. 
AD 


Alzheimer’s disease manifests with 
insidious memory and intellectual 
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loss, and progresses over approxi- 
mately five to 15 years to end-stage 
dementia and a chronic vegetative 
state.* By far the leading cause of 
dementia, its cause remains unknown. 
Although several biological changes 
show promise. as possible diagnostic 
markers,” the clinical diagnosis of 
AD is still based on a typical dement- 
ing course and the exclusion of alter- 
nate etiologies. Criteria developed by 


the American Psychiatric Associa- | 


tion, a National Institute of Neuro- 
logical and Communicative Disorders 
and Stroke-Alzheimer’s Disease and 
Related Disorders Association work- 
shop,” and the University of Wash- 
ington“ offer general guidelines, but 
require no specific clinical features 
for diagnosis. 

Efforts have been or are being made 
to incorporate salient clinical features 


in the diagnosis of AD. For examples, 


Gustafson and Nilsson” included ear- 
ly loss of insight, early amnesia, early 
spatial disorientation, and apraxia/ 
aphasia/agnosia in their rating scale. 
Several investigators, noting the high 
prevalence of language disorder, its 
characteristic features, and its corre- 
lation with disease severity, have 
advocated the inclusion of aphasia as 
a diagnostic criterion®® perhaps, 
however, trading sensitivity for speci- 
ficity. 

The diagnosis of AD is confirmed by 
the demonstration of excessive num- 
bers of neurofibrillary tangles and 
plaques in the cerebral cortex. These 
changes also occur in several subcorti- 
cal nuclei. Neuronal loss, gliosis, and 
amyloid angiopathy* are frequently 
concomitant. Qualitatively identical 
changes are associated with normal 
aging, but differ significantly in num- 
ber and distribution.“ 

Limbic System (Memory and Learn- 
ing).—In AD, neuronal populations 
show differential susceptibility to 
neurofibrillary tangle formation. The 
limbic and paralimbic systems devel- 
op high densities of tangles.” The 
strategic location of tangles in affer- 
ent neurons of the entorhinal cortex 
and efferent neurons of the subiculum 
are believed to functionally disconnect 
the hippocampus from the rest of the 
cerebral cortex. This has been sug- 
gested as the anatomical basis of the 
amnesia for recent events so common- 
ly seen in the early stages of AD.*°* 
However, probably due to the coexis- 
tence of extralimbic pathology, short- 
term or immediate, as well as recent 
long-term, memory is progressively 
impaired in AD.°***6 

In contrast to the early impairment 
of recent episodic memory, procedural 


or motor learning is better preserved | 


in AD.” Demonstration of this dis- 


. sociation in the context of AD pro- 


vides additional support for at least 
two functionally and anatomically 
distinct learning systems: one 
dependent and the other independent 
of the limbic system. 

Recent investigations suggest that 
impairment in olfactory discrimina- 
tion may result from lesions in the 
prepyriform cortex.*' Lesions in the 
limbic and paralimbic system may 
also contribute to the behavioral 
symptoms associated with AD, such 
as personality changes, apathy, irrita- 
bility, hallucinations, and delu- 
sions, altkough this remains specu- 
lative. 

Temporal-Parietal-Occipital Associa- 


. tion Cortex (Visual Impairment, Aphasia, 


Apraxia, Agnosia, and Visual Disorienta- 
tion).—In contrast to primary motor- 
sensory cortex, which is relatively 
spared, multimodal association cortex 


is highly prone to neurofibrillary ` 


degeneration.“ Pyramidal interasso- 
ciational neurons in layers III,.V, and 
VI are specifically vulnerable. Some“ 
have suggested that, like hippocam- 
pus, association cortex becomes func- 
tionally disconnected. 

Dysfunctions of the posterior asso- 


ciation areas correlate with. several 


disturbances in higher cortical func- 
tions that usually follow but, in some 
cases, may precede the development of 
amnesia. Visuospatial impairment 
occurs relatively early," especially 
for extrapersonal space.”! 
Disturbances of language have been 
historically recognized in AD?” and 
correlate with other indicators of dis- 
ease severity." In some cases, 
symptoms may begin primarily with 
linguistic difficulties.* Overall, the 
linguistic disturbance in AD most 
resembles transcortical sensory apha- 
sia, both in clinical presentation and 
in the cistribution of pathologic 
lesions in parietal association areas.” 
In early and later phases, parallels 
have also been drawn with anomic 
and Wernicke-like aphasia.’ 
Features noted through much of the 
disease course include fluent but emp- 
ty speech with semantic paraphasia, 
impaired naming and auditory com- 


' prehension, and preserved repetition. 


Lexical disruption exceeds dissolution 
of syntax and phonology." Typically, 
verbal labels are overextended and 
expression becomes imprecise and 
empty. Interestingly, fewer neologis- 
tic paraphasias, less echolalia, and the 
absence of the completion phenome- 
non have been observed in AD, com- 
pared with patients with stroke with 
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fluent transcortical sensory aphasias. 
Ability to read aloud may be. spared, 
even in the face of severely impaired 
reading comprehension.* 

There have been far fewer studies of 
apraxia in AD, although it is reported 
to be highly prevalent (70% to 80%) in 
moderately advanced stages.” In most 
cases, ideational apraxia, defined as 
clumsiness in object manipulation 
and in executing complex goal-direct- 
ed activities, has been considered. Ina 
small study, ideomotor apraxia, 
defined as clumsiness in imitating 
gestures, was not a common early 
finding.’ 

In the advanced stages of AD, agno- 
sias and psychic blindness (Balint’s 
syndrome) are observed. However, 
by this time, severe inattention, 
amnesia, aphasia, and apraxia compli- 
cate investigation. In AD, there is 
characteristically severe and bilateral 
pathologic involvement of the inferior 
temporo-occipital and -parieto-occipi- 
tal association cortices, areas that are 
respectively associated with circum- 
scribed agnosias and psychic blind- 
ness in patients without AD.” 

Prefrontal Cortex (Insight, Abstrac- 
tion, Planning, Judgment, Personality 
Change, Behavioral Disturbance, and Rel- 
ative Preservation of Social Propriety).— 
In contrast to limbic cortex and the 
posterior multimodal association ar- 
eas, relatively little systematic study 
has been given to the behavioral cor- 
relates of prefrontal involvement in 
AD. Apathy, impaired insight, and 
lack of judgment are common clinical 


observations.” Concreteness, persev- 


eration, and inefficient problem-solv- 
ing are frequently noted in psycho- 
metric assessment. However, in con- 
trast to Pick’s disease, social graces 
and appropriateness are generally 
well preserved in patients with AD. 
Subcortical Projections (Memory, 
Learning, and Behavior).—Several sub- 
cortical systems may be variably 
involved in AD.” These include the 
cholinergic basal forebrain, nora- 
drenergic locus ceruleus,* serotoner- 
gic raphe,” and, to a lesser extent, the 
dopaminergic substantia nigra pars 
compacta.” Some investigators have 
suggested that cholinergic deficits 
contribute to the production of word 
intrusions.” The presence of behavior- 
al disturbances in AD has been associ- 
ated with decreased platelet tritium- 
imiprimine binding levels and sug- 
gests correlations between behavior 
and the serotonergic system.” Over- 
all, however, the prominence and mul- 
tiplicity of cortical lesions in AD tend 
to obscure the behavioral contribu- 
tions of specific subcortical lesions, 
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and biological markers of the subcor- 
tical projection systems are greatly 
needed. ; 


Pick’s Disease 


In 1892, Pick” described a patient 
with circumscribed atrophy in the 
frontal and temporal lobes. Alzheim- 
er called attention to the microscopic 
features of the neuronal degeneration, 
namely, ballooning of the cell body 
and argentophilic inclusions (Pick’s 
bodies). Clinical and pathologic fea- 
tures were further defined by Onari 
and Spatz.” Subsequently, about 300 
cases have been reported in the litera- 
ture, 263 being from eight large 
series.°#1% 

The first symptoms of Pick’s dis- 
ease appear between ages 21' and 80 
years’ (usually around age 55 years) 
and evolve over two to 17 years. 
Changes in character and personality 
are usual initial manifestations. The 
middle stages of illness are character- 
ized by progressive apathy (some- 
times interrupted by transient excita- 
tion) and intellectual deficits, which 
include fluent aphasia and dyschrono- 
logic amnesia. Mutism, hebetude, and 
increasing motor rigidity lead to a 
terminal vegetative state. 

There are no formalized clinical 
diagnostic criteria for Pick’s disease, 
although features suggestive of pre- 
dominantly frontotemporal dysfunc- 
tion have been proposed as a rating 
scale.” Disproportionate atrophy of 
the frontotemporal lobes by computed 
tomography ™™® or magnetic reso- 
nance imaging, and decreased frontal 
metabolic rate for glucose, ® may pro- 
vide supportive evidence. Diagnosis is 
confirmed by typical pathologic fea- 
tures. The presence of argentophilic 
inclusions is helpful but not essential 
for diagnosis. The cause of Pick’s dis- 
ease remains unknown, although 
familial clustering has suggested the 
possibility of hereditary risk fac- 
tors. 

In Pick’s disease, neuronal degener- 
ation centers in the paralimbic and 
limbic cortices of the temporal and 
frontal lobes and appears to spread 
into neighboring neocortical areas 
(eg, frontal and temporal association 
areas). The epicenter includes the bas- 
al temporofrontal, insular, and cingu- 
late cortices and the amygdala. It is of 
considerable interest that the hippo- 
campus may be involved or spared.*#)™ 
Usually temporal or temporofrontal 
atrophy predominate, but cases with 
primarily frontal involvement have 
also been described.'! 

In rare instances, the parietal lobe 
may be affected.'” In general, howev- 


er, the parietal and occipital lobes, the 
precentral and postcentral gyri, and 
the caudal superior temporal gyrus 
are relatively unaffected. While the 
caudate nucleus and substantia nigra 
are often involved,’™ other subcortical 
projection systems (eg, basal fore- 
brain!) escape significant neuronal 
attrition. 

With regard to neurobehavior, 
these pathoanatomical patterns imply 
that cortical areas critical for the 
integration of emotional and intellec- 
tual activity, language comprehen- 
sion, and higher intellectual function 
are devastated, while the primary 
sensory and parietal multimodal asso- 
ciation cortices are relatively pre- 
served. 

Prefrontal and Orbital-Frontal (Para- 
limbic) Cortices.—Several of the pre- 
senting symptoms in Pick’s disease are 
reminiscent of behaviors seen in 
patients with focal prefrontal and 
paralimbic lesions: apathy (amotiva- 
tion and abulia), loss of the abstract 
attitude (concreteness, lack of insight 
and self-criticism, and blunted social 
judgment), egocentricity (restriction 
of interests to immediate personal 
concerns), disinhibition (restlessness, 
wandering, impulsiveness, lack of self- 
restraint, and disrobing and urinating 
in public), perseveration (stereotypy, 
automaticity, rituals, obstinance, and 
fixation amnesia), and inappropriate 
mood and affect (placidity, euphoria, 
and moria). Many of these alterations 
lead to socially inappropriate behav- 
iors, which often serve to distinguish 
early Pick’s disease from AD. 

Temporal Paralimbic and Association 
Cortices.—Many of the symptoms 
listed above, such as hyperactivity 
and impulsivity, may be as much func- 
tions of temporal as. of frontal para- 
limbic damage. The appearance of 
bulimia, hyperorality (even for non- 
edible objects), and hypersexual- 
ity, however, invites comparisons 
with the Kluver-Bucy syndrome!" 
and suggests specific dysfunction of 
the temporal lobes. 

Aphasia commonly develops in the 
middle stages of Pick’s disease and 
progresses to mutism. In the early 
phases, however, iterative logorrhea 
is characteristic and made up of flu- 
ent, syntactically correct, but anomic 
and empty speech.!!!*20 Cireumlocu- 
tory substitutions are common, 
although neologistic jargon is rare. 
Confusion of personal pronouns and 
preoccupation with numbers have 
been noted by some investigators. 
Comprehension is progressively im- 
paired, while echolalia attests to the 
relative preservation of repetition. 
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Thus, the language disorder associ- 
ated with Pick’s disease, as with AD, 
most closely resembles a transcortical 
sensory aphasia. l 

Parietal and Hippocampal Sparing 
(Relative Preservation of Visuospatial 
Relationships and Memory).—Individu- 
als with Pick’s disease are often 
blandly disinterested in neuropsycho- 
logical testing,’ which often leaves 
assessment of intellectual ability to 
behavioral inference. For example, 
relative preservation of visuospatial 
concepts may be suggested by ex- 
tended wandering without getting 
lost, intact orientation to rooms on 
the ward, correct reading of clocks, 
and retained ability to perform per- 
sonal activities of daily living (dress- 
ing and washing) as well as relatively 
more complex tasks (cooking, mend- 
ing, and jigsaw puzzles). Maintenance 
of rigid programs of activities and 
preoccupation with the time of day 


suggest retention of chronology,’ and ` 


perhaps relative sparing of the hippo- 
campus. Delay et al'” stressed the 
relative retention of spatial orienta- 
tion and memory in the early stages of 
Pick’s disease. Apparent memory 
impairments have been attributed 
instead to failure to use “memory as a 
tool.) 

Basal Ganglia.— Atrophy of the bas- 
al ganglia, particularly of the caudate 
nucleus and the substantia nigra, is 
frequently noted on pathologic exami- 
nation.*®!%!74125 These lesions may con- 
tribute to the increasing rigidity 
observed in the late stages of disease; 
however, early on, few extrapyrami- 
dal signs are noted.”!* The role of the 
basal ganglia in cognition has been 
recently emphasized,” particularly in 
the context of Parkinson’s disease (see 
below). However, the behavioral sig- 
nificance of caudate atrophy in Pick’s 
disease remains unknown. 


Vascular Dementia 


After AD, multiple cerebral in- 
farcts are the second most common 
cause of dementia. Early conceptions 
of multi-infarct dementia are re- 
flected in the Hachinski Ischemia 
Scale. Abrupt onset, history of 
strokes, focal neurologic symptoms, 
and focal neurologic signs are particu- 
larly noteworthy. Stepwise deteriora- 
tion, a fluctuating course, somatic 
complaints, nocturnal confusion, emo- 
tional incontinence, depression, rela- 
tive preservation of personality, a his- 
tory of hypertension, and evidence of 
associated atherosclerosis are also 
considered characteristic. 

Recently, there has been growing 
evidence to support the division of 
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associated with 


vascular. dementia into at least two 
major categories based on differences 
in size of vessels involved and clinical 
presentation. In this review, these two 
subgroups are referred to as (1) corti- 
cal atherosclerotic dementia (CAD), 
and (2) subcortical arteriosclerotic 


dementia (SAD). Current use of the 


term multi-infarct dementia does not 
distinguish between these two sub- 
types. 

Cortical atherosclerotic dementia is 
cerebral cortical 
infarction due to atherosclerosis and 
thromboembolism of the large feeding 
vessels (eg, carotid and cerebral arte- 
ries); SAD is associated with subcorti- 
cal infarction and/or ischemia due to 
arteriosclerosis of the medium-sized 
and small penetrating intracerebral 
arterioles. These include the lenticu- 
lostriate and the deep medullary 
arteries, which run from the pial sur- 
face to the periventricular white mat- 
ter.” Subcortical arterlosclerotic 
dementia encompasses the two syn- 
dromes known as lacunar state and 
Binswanger’s subcortical arterioscle- 
rotic encephalopathy. Although dis- 
crete infarcts are emphasized in the 
former and more diffuse incomplete 
infarctions secondary to chronic is- 
chemia are emphasized in the latter, 
the two syndromes often coexist and 
share common pathogenetic features. 

In 1894, Binswanger’ described 
eight patients with “slow progression 
of mental deterioration” and pro- 
nounced white matter changes and 
secondary dilatation of the ventricles, 
which he attributed to deficient blood 
supply resulting from arteriosclero- 
sis. Microscopic features were de- 
scribed by Alzheimer’! and Nissl.' 
Clinical features were described by 
Caplan and Schoene,’” namely, a his- 
tory of insidiously progressive demen- 
tia, persistent hypertension or sys- 
temic vascular disease, lengthy clini- 
cal course with long plateaus, and the 
accumulation of focal neurologic 
symptoms and signs, especially hyper- 
reflexia, pseudobulbar palsy, and gait 
disturbance. Before 1962, Binswan- 
ger’s disease or subcortical arterio- 
sclerotic encephalopathy was consid- 
ered rare, with approximately 40 
cases reported in the literature™; 
however, with the advent. of computed 
tomography and magnetic resonance 
imaging it has been appreciated as a 
more common entity. 

The Hachinski Ischemia Scale was 
designed and validated without spe- 
cial regard for small- or large-vessel 
disease. Cutoff scores of =7 on the 
original Hachinski Ischemia Scale“ or 
a score 2:4 on the modified Ischemia 


Scale” are probably more useful for 


the diagnosis of CAD than SAD. 
There are no established criteria for 
the diagnosis of SAD. However, a 
diagnosis of SAD is supported by visu- 
alization of multiple subcortical 
lacunes, periventricular white matter 
changes, central atrophy, and second- 
ary hydrocephalus using computed 
tomography and/or magnetic reso- 
nance.4* T -weighted magnetic res- 
onance imaging is exquisitely sensi- 
tive to white matter changes’ and 
the significar.ce of these lesions with 
regard to normal aging vs dementia is 
currently under exploration." 

Focal Cortical Deficits.—Focal neu- 
rologic deficits are the clinical hall- 
marks of large-vessel disease, which 
causes infarction of major areas of 
cerebral cortex. Specific symptoms 
depend on the anatomic distribution 
of infarction and usually include 
weakness, sensory loss, hemianopia, 
aphasia, apraxia, agnosia, construc- 
tional apraxia, neglect, or other focal 
behavioral syndromes. The study of 
patients with focal strokes has been 
extremely fertile for the field of neu- 
robehavior. Repeated strokes charac- 
teristically lead to multiple intellectu- 
al deficits and stepwise progression of 
dementia. 

Subcortical and Deep White Matter 
Ischemia.—There are many well- 
known syrdromes caused by lacunar 
infarction, including pure motor and 
sensory strokes.’ Aphasia and de- 
mentia have been associated with 
lacunar strokes of the striatum and 
thalamus. Arteriosclerotic parkinson- 
ism is attributed to cumulative infarc- 
tions in the basal ganglia and has 
been associated with a disproportion- 
ately high prevalence of dementia 
compared with idiopathic Parkinson’s 
disease." The occurrence of an 
insidious dementia has also been rec- 
ognized in association with the lacu- 
nar state,” but has not been well 
characterized. 

In a recent study, diffuse white 
matter softening was found predomi- 
nantly in the frontal lobes'® and may 
reflect relatively greater length of the 
deep medullary arteries in this area. 
This pathologic localization is consis- 
tent with many of the “frontal” motor 
features of subcortical arteriosclerot- 
ic encephalopathy, namely, corticospi- 
nal signs, pseudobulbar palsy, dysar- 
thria, zrasp reflexes, and inconti- 
nence, and is probably also consistent 
with a shuffling gait and impaired 
postural reflexes.” 

The particular features of the 
dementia associated with subcortical 
arteriosclerotic encephalopathy have 
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yet to be carefully characterized. In 
general, insidious memory. impair- 
ment, apathy, lack of drive, mild 
depression, and alterations in mood 
and personal habits have been 
stressed, while psychometrics have 
evidently not shown “specific fea- 
tures.”!48250 Based on ciaaracteristic 
differences in the distribution of 
pathology, however, the quality of 
language and constructional disabili- 
ties associated with SAD would be 
expected to differ significantly from 
those seen in AD. These hypotheses 
are currently under study © 


Parkinson’s Disease | 


In Parkinson’s disease, cognitive 
disturbance is common but varies con- 
siderably in quality and severity, 
ranging from focal deficits to global 
dementia. Estimated prevalence of 
dementia in Parkinson’s cisease dif- 
fers substantially depending on 
patient selection, sources cf informa- 
tion, and the definition of dementia, 
with 25% to 40% being generally 
accepted." The prevalenze of some 
degree of cognitive deficit, cn the oth- 
er hand, is much higher. 

Degree of intellectual impairment 
does not appear to be a sirmple func- 
tion of disease’ duration. 46154156 
Some?’ but not all! invastigators 
have reported cognition to be better 
preserved when tremor is the major 
motor symptom. Conversely, cognitive 
impairment and, particularly, visuo- 
spatial disturbance, have been corre- 
lated with bradykinesia ard rigidi- 
ty.146.158160.161 Thus, it appears zhat Par- 
kinson’s disease can be divided into 
several subgroups based on craracter- 
istic cognitive and motor distur- 
bances. 

Based on a typical history, signs 
and symptoms, and a good response to 
levodopa therapy, the clinica. diagno- 
sis of idiopathic Parkinson’s disease 
can be made with a high d2gree of 
certainty. Exclusion of arteriesclerot- 
ic parkinsonism and hydrocerhalus is 
aided by neuroimaging, while history 
and laboratory tests help to exclude 
drug and metabolically induced par- 
kinsonism. It remains a neuropatho- 
logic task, however, to finally zonfirm 
the diagnosis of Parkinson’s disease 
by demonstrating severe n2uronal 
loss and Lewy inclusion bodies in the 
pigmented brain-stem nuclei. 

Subcortical Projection Systems: Bra- 


‘ dyphrenia and Dementia.—In Parkin- 


son’s disease, severe neuronal loss 
occurs in the dopaminergic substantia 
nigra pars compacta and the ventral 
mesencephalic tegmentum,'” which 
project respectively to the striatum 
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and prefrontal cortex. Neuronal loss 
is variable but may be equally severe 
in the noradrenergic locus ceruleus, 
serotonergic raphe, and cholinergic 
basal forebrain)@'* 


Bradyphrenia or slowing of thought 


is a frequent attribute of Parkinson’s 
disease and can occur without gener- 
alized intellectual decline. Bradyphre- 
nia can be measured as delayed choice 
reaction time or as impaired attention 
and vigilance in continuous-perfor- 


mance tasks.: Unlike bradykinesia, 


bradyphrenia is not responsive to 
levodopa therapy,'® but is associated 
with increased cerebrospinal fluid lev- 
els of 3-methoxy-4-hydroxyphenylgly- 
col, a metabolite of norepinephrine.’ 
Hence, bradyphrenia may represent a 
correlate of noradrenergic rather 
than dopaminergic metabolism. 
Deficits in several areas of cogni- 


tive function can be demonstrated in 


patients with Parkinson’s disease by 
neuropsychological testing. These 
commonly include impairment in 
visuospatial discrimination, abstract 
reasoning (see below), and verbal and 
nonverbal memory.*™>2!"75 Studies of 


- linguistic abilities in these patients 
_ have yielded mixed results, usually 


showing no difference compered with 
controls,5*!"7 but at other times 
revea‘ing impairment, 5!781@ 

Significant dementia in Parkinson’s 
disease has been associated with 
pathology in several subcortical sys- 
tems, without significant involvement 
of the cerebral cortex. "8 Associa- 
tions between the degree of cognitive 
impairment and neuronal lass in the 
nucleus basalis of Meynert have been 
reported, without, however, concomi- 
tant examination of other sukcortical 
nuclei. 

In other cases, dementia in Parkin- 
son’s disease has been associated with 
AD lesions in the cerebral cortex, 
although the prevalence remains con- 
troversial, ranging between 16% and 
715 % 3330183185 In a large autopsy series 
of 300 patients with Parkinson’s dis- 
ease, pathologic lesions characteristic 
of both Parkinson’s disease and AD 
were found in 17% and 33% of 


_ patients who died before or arter age 


70 years, respectively. Thus, dementia 
in Parkinson’s disease often occurs 
without significant pathology in cere- 
bral cortex, but is almost always asso- 
ciated with significant neuror.al loss 
in the subcortical nuclei, particularly 
the nucleus basalis. In cases in which 
cerebral pathology is absent, Parkin- 
son’s disease may afford functional 
insights regarding the behavioral con- 
tribution of individual subcortical 
systems. 


Basal Ganglia (Impairment of Percep- 
tual Motor, Visuospatial, and Shifting 
Aptitudes).—Even in the absence of 
significant generalized intellectual 
impairment, performance deficits in 
patients with Parkinson’s disease can 
usually be demonstrated in three 
types of tasks: (1) higher-order motor 
control, (2) perceptual-motor and 
complex visual discrimination, and (8) 
executive tasks. Patients with Parkin- | 


son’s disease have difficulty in per- 
‘forming sequential and predictive 


movements without external guidance 
(eg, tracing a sawtooth pattern with- 
out a target). Since the presence of 
external cues improves performance, 
these deficits cannot be attributed 
simply to underlying rigidity, brady- 
kinesia, or tremor. Instead, distur- 
bances in higher-order motor control 
such as efference copy'®’ and corollary 
discharge!” have been invoked. ` 
Patients with Parkinson’s disease 
have difficulty judging the visual ver- 
tical, and show impairments on 
tasks that require complex visual dis- 
crimination. Although the degree of 
visuospatial impairment correlates 
with bradykinesia and rigidity, again, 
it cannot be wholly ascribed to it. 
Significant visuospatial impairments 
persist, even when time constraints 
are eliminated and when reliance on 
motor responses and eye movements 
are minimized.'5!% No relationships 
have been demonstrated between 
visuospatial deficits and anticholiner- 
gic or dopaminergic medication, 
depression, or the overall severity of 
intellectual disturbance.'!75! 
Patients with Parkinson’s disease 
frequently demonstrate an impaired 
ability to shift set, even when they are 
perfectly able to execute the individu- 
al components and when memory and. 
overall intelligence are intact.6%!%)% 
This deficit in shifting aptitude can be 
observed in motor (such as alternat- 
ing sequences), verbal (for example, 
word generation and card and object 
sort), and figural modalities.'* Analo- 
gous deficits in shifting ability, mani- 
fested in the tasks requiring rear- 
rangement of sequences, have been 
demonstrated in animals following 
experimental lesions of the basal gan- 
glia, 196197 e o 
A parsimonious explanation for- the 
aforementioned deficits has been pro- 
posed. According to Stern, the 
underlying cognitive deficit in Parkin- 
son’s disease is difficulty in planning 
(initial organization of units) and 
modulating (shifting units to meet 
demands) intellectual and higher- 
order motor activity in the absence of 
external guidance. These deficits are 
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postulated to arise from primary dys- 
function in the basal ganglia,’ with 
possibly secondary dysfunction in the 
prefrontal cortex, with which the stri- 
atum is intimately connected.” 


CONCLUSION: 


Specific disease processes are asso- 
ciated with characteristic patterns of 
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QUEBEC, CANADA 


“Modern Dissection Techniques Of Bone, Biometals, Bioceramics, and Bioplastics” 
SYMPOSIA/HANDS-ON WORKSHOPS for Neurosurgeons and Operating Room Personnel 


(Plastic, ENT, Craniofacial and Maxillofacial surgeons may attend the neurosurgical conference) 


(NEURO 700 and ORP 700) (Separate Hands-On Sessions) 


presented by 


MIDAS REX™ Institute 


COURSE DIRECTORS: 
Susan Mitchell, Ed.D.; Glen Mitchell, Ph.D. 


SYMPOSIUM FORMAT 


WORKSHOPS: 7:30 a.m. - 1:30 p.m. each day. An Intensive 
series of hands-on exercises utilizing appropriate animal 
bones, skeletal bones, etc.: 


Neurosurgeons—dissection skills for bonework of the 
cranium and spine, including attention to bioplastics and 
biometals applicable to neurosurgery. 


OR Personne/—dissection skills to become familiar with 
the applications of power instrumentation; discussion of 
and participation in problem solving, care, and proper 

maintenance of power equipment. 


NEW YORK CITY 


115 E. 61st Street (between Park and Lexington) 
“Modern Dissection Techniques Of Bone, Biometals, Bioceramics, and Bioplastics” 


NEUROSURGICAL SYMPOSIA (NEURO 700) 


Also Plastic, ENT, Craniofacial, Maxillofacial, etc. 
AUGUST 7-8-9 » 31-Sept. 1-2 
SEPTEMBER 14-15-16 © 28-29-30 
OCTOBER 12-13-14 
NOVEMBER 6-7-8 ¢ 20-21-22 
DECEMBER 4-54 œ 18-19-20 
JANUARY 8-9-10 © 25-26-27, 1990 


OR PERSONNEL SYMPOSIUM (ORP 700) 
Symposium for OR Personnel only: 
AUGUST 28-29-30 


WORKSHOPS: The workshops are held each day from 
7:00 a.m. to 1:00 p.m. They will emphasize a series of struc- 
tured exercises, utilizing appropriate animal bones, skeletal 

bones, bioplastics and biometals. 


NEUROSURGEONS—dissection skills for bonework of the 
cranium and spine, including attention to bioplastics and 
biometals applicable to neurosurgery. 


OR PERSONNEL—dissection skills = S 
to become familiar with the applica- g == 
tions of power instrumentation; dis- $ 
cussion of and participation in prob ge 
lem solving, care, and proper main- 
tenance of power equipment. 


Phots Credit: New York Convention and 


CREDITS: CME Credit Available. 


COURSE LOCATION AND ACCOMMODATIONS: 


Le Grand Hotel, 777, rue University, Montreal, Quebec, 
Canada H3C 3Z7. Phone: 514-879-1370. 


ENROLLMENT: Fee (US$): Surgeon $965.00; Resident $585.00 
(with letter from Department Head); All Operating Room Per- 
sonnel (RN/CST/PA/Other) $250.00. Make check to “Montreal 
Symposium.” Mail to: Midas Rex Institute, 2929 Race Street, 
Fort Worth, Texas 76111. Phone: 800-433-7639 or 817-831-2604. 


Join the more than 7,300 enrollees who have completed 
Midas Rex Hands-On Workshops. (3,700 Orthopaedic Sur- 
geons; 1,500 Neurosurgeons; 2,100 OR Personnel) 


MIDAS REX® INSTITUTE 
HANDS-ON WORKSHOPS* 


AREA ATTRACTIONS: 


SIGHTSEEING—Bronx Zoo, Brooklyn Botanic Garden, Coney 
Island, Empire State Building, New York Aquarium, Staten 
Island Zoo, United Nations. 


ART—American Museum of Natural History, Bronx Museum 
of the Arts, Brooklyn Museum, Solomon R. Guggenheim 
Museum, Metropolitan Museum af Art, Museum of pleas 

rt. 


MUSIC, DANCE AND THEATER—Carnegie Hall, Lincoln 
Center, Lehman Center for Performing Arts, Metropolitan 
Opera, and a wide variety of Broadway and off Broadway 

plays in the evenings. 


SPORTS—Baseball, football, basketball, hockey, boxing, etc. 
in season. 


ENROLLMENT: Fee (USS): Surgeon $965.00; Resident 
= $585.00 (with letter from Department Head); All Operating 
Room Personnel (RN/CST/PA/Other) $250.00. Make check to 
“New York City Symposium.” Mail to: Midas Rex Institute, 

2929 Race Street, Fort Worth, Texas 76111. 


wt it 


| tet AMM MTA 


PTE 


Ih HH 


*Join the more than 7,300 
$€ enrollees who have completed 
Midas Rex Hands-On Workshops. 

(3,700 Orthopaedic Surgeons; 
1,500 Neurosurgeons; 2,100 OR 
Personnel) 


AN 
Ml i 
il 
| M 
I I 


uai one 


Visitors Bureau 





815 


Observations 


Hemianesthesia and Aphasia 


An Anatomical and Behavioral Study 


Bradley T. Hyman, MD, PhD, Daniel Tranel, PhD 


è A 61-year-old right-handed man with 
a history of lacunar cerebrovascular dis- 
ease and hypertension had the sudden 
onset of right-sided numbness and diffi- 
culty speaking. Neurologic evaluation 
revealed a dense right hemianesthesia 
that included the face, trunk, arm, and 
leg. Neuropsychological examination doc- 
umented a conduction aphasia, which 
resolved nearly completely several 
months later. Computed tomographic and 
magnetic resonance imaging studies 
showed a lesion in the left hemisphere 
that involved the posterior insula and dis- 
rupted thalamocortical connections but 
entirely spared the thalamus proper. We 
suggest that the combination of hemi- 
anesthesia and aphasia indicates a white 
matter lesion subjacent to inferior parietal 
and posterior temporal cortices. 

(Arch Neurol. 1989;46:816-819) 


n 1965, Fisher’ reported 26 cases of 

“pure sensory stroke,” in which 
there was loss of all sensory modali- 
ties on the face, arm, and/or leg. The 
evidence indicated that these strokes 
occurred primarily in patients with 
hypertension and were lacunar infarc- 
tions secondary to disease in the pen- 
etrating arteries (100- to 400-um 
diameter) that originate from the 
major vessels at the base of the brain. 
This interpretation was consistent 
with the autopsy results of one of 
Fisher’s original cases, which con- 
firmed a lacunar infarction in the 
ventroposterior nucleus of the thala- 
mus. Thalamic infarctions on the left 
side can also produce aphasia (Graff- 
Radford and Damasio’). Theoretical- 
ly, a strategically placed lesion in the 
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left thalamus could produce concur- 
rent manifestation of both aphasia 
and a hemisensory loss. 

We have recently treated a patient 
who had the intriguing symptom com- 
bination of hemianesthesia and apha- 
sia following a stroke in the left hemi- 
sphere. Neuroimaging studies showed 
that rather than a thalamic lesion 
this patient had a posterior insular 
lesion and disruption of thalamocorti- 
cal connections. Here, we describe the 
language profile, clinical course, and 
anatomic findings in this patient. 


REPORT OF A CASE 
Patient History 


The patient is a 61-year-old man with a 
20-year history of diabetes and a 5-year 
history of hypertension. Five years prior to 
the current investigation, he presented 
with the sudden onset of a dense right- 
sided “pure motor hemiplegia” involving 
the arm and leg, which was attributed to a 
left subcortical lacunar infarction. Carotid 
Doppler ultrasonogram and echocardio- 
gram were unremarkable, and he recov- 
ered well, with only a mild residual right- 
sided weakness. He had no further neuro- 
logic problems until 5 years later when, 2 
weeks before Christmas, he was unable to 
control his feet for several minutes. One 
week later, the patient was briefly unable 
to control his right hand. On Christmas 
morning, he had the sudden onset of right- 
sided numbness and weakness associated 
with the feeling that he could not say the 
words he wanted. The weakness resolved, 
but the numbness and speech difficulty 
persisted. 

On admission to the neurology service at 
University of Iowa Hospitals, Iowa City, 
the patient had a dense, right-sided hemi- 
anesthesia to pain, touch, vibration, and 
proprioception. Taste was preserved. 
Strength was full, except for a mild prona- 
tor drift of his right arm. Reflexes were 
brisk on the right side. Plantar reflexes 
were flexor bilaterally. Speech was fluent 
but had multiple phonemic paraphasias. 
Comprehension of conversational speech 
was normal. Carotid pulses were 2/2 with 
bruits bilaterally. Fundi showed atrioven- 
tricular nicking but no embolic material. 
Blood pressure and pulse rate, heart 
sounds, and femoral pulse rates were nor- 


mal. Visual fields were full. 

Laboratory evaluation showed a choles- 
terol value of 6.7 mmol/L and a glucose 
value of 20.8 mmol/L. The patient’s elec- 
trocardiogram was suggestive of previous 
inferior wall ischemia, without any 
changes indicative of acute ischemia. 
Echocardiogram and chest roentgenogram 
were unremarkable. Somatosensory 
evoked responses were abnormal due to a 
poorly defined N60 wave on the left side. 
Brain-stem auditory evoked response was 
normal. 

The patient was entered into an experi- 
mental protocol that used heparinoid anti- 
coagulation.’ His clinical course remained 
stable while undergoing this anticoagula- 
tion regimen for 7 days. Carotid Doppler 
ultrasonogram showed 100% occlusion of 
the left internal carotid artery and 16% to 
49% occlusion of the right internal carotid 
artery. Cerebral angiogram revealed near- 
ly complete stenosis of the proximal inter- 
nal carotid artery on the left side. After 
angiography, anticoagulation therapy was 
continued using heparin. The patient 
underwent carotid endarterectomy 21 days 
after admission. At the time of discharge, 
he suffered from a dense, unremitting 
hemianesthesia and was only able to recog- 
nize deep pain. 


Neuropsychological Examination 


Acute Epoch.—The patient is fully right 
handed (+100 on the Geschwind-Oldfield 
questionnaire), completed high school, and 
was in the military until his retirement 17 
years ago. The first neuropsychological 
evaluation was conducted during the — 
acute/periacute epoch, between the fifth 
and 11th days after onset. He was fully 
alert, attentive, and cooperative. The 
social and paralinguistic components of 
his communication skills (eg, turn taking 
and eye contact) were preserved. He ini- 
tiated speech without difficulty and could 
produce utterances of eight words or more. 
He had some word-finding difficulties, and 
very mild dysarthria, but the melodic con- 
tour of his speech was well preserved. 
Volume was normal, and syntax was 
intact. 

The patient’s speech was dominated by 
phonemic paraphasias, present in virtually 
every utterance. Successive phonemic 
approximations to target words (conduites 
d’approche) were common (eg, “... and the 
kool...sool...tool...stool, is fall- 
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ing...”), especially in confrontation-nam- 
ng responses. Semantic paraphasias were 
less frequent. Despite the phonemic errors, 
his speech was informative and compre- 
ensible. There were far fewer paraphasic 
mistakes in automatic, overlearned 
phrases. 

Linguistic functioning was formally 
assessed at the acute epoch with selected 
subtests of the Multilingual Aphasia 
Examination’ and the Boston Diagnostic 
Aphasia Examination.’ Results are pre- 
sented in the Table. Visual and tactile 
‘naming were typified by phonemic errors, 
ie, “trianger” for “triangle” and “rectan- 
gular” for “rectangle.” Recognition of the 
correct name in a four-alternative multiple 
choice format was flawless. Sentence repe- 
' tition was severely defective, as phonemic 
errors emerged when sentence length 
extended beyond three or four words. How- 
ever, he was able to produce automatized 
-sequences accurately (eg, the days of the 
stay months of the year, and the alpha- 
' þet). 

Aural and reading comprehension of sin- 
gle words and short phrases were intact. 
_ However, the patient had difficulty with 
more complex material (Token test, sen- 
, tences, and paragraphs). Comprehension 
deficits were most evident in the category 
_ of “closed-class” words including preposi- 
tions (on, with) and conjunctions (and, or). 
Paralexias were common. In writing with 
his preferred hand (right), the patient had 
no interfering motor deficits, but he com- 
plained that it “felt funny” when he was 
writing, an obvious reference to the dense 
sensory loss in his right hand and arm. He 


tended to stray slightly in the vertical 
plane, writing above or below the line of 
writing, but the praxic components of his 
writing were otherwise normal. He made 
few mistakes when writing to copy. There 
were two paragraphic errors in three long 
sentences. In contrast, writing to dictation 
was very impaired, with multiple para- 
graphias, omissions, and misspellings. 
Spontaneous production of sentences and 
prose material was linguistically accurate. 
The patient’s gestural praxis was awkward 
with the right hand and arm but intact 
with the left hand and arm. 

Nonverbal cognitive abilities, including 
visual memory, visuospatial judgment, and 
visuoperceptive discrimination, were well 
preserved. The patient was able to recall 
correctly the past five presidents of the 
United States and recognized pictures of 
them. He was fully oriented to time, place, 
and personal information. Recall of recent 
news events was normal. He showed nor- 
mal learning of ongoing events in his envi- 
ronment. 

Chronic Epoch.—Four and one-half 
months following his stroke, the patient 
had a persistent dense sensory loss on the 
right side of his body (face, arm, and leg). 
However, in a follow-up neuropsychologi- 
cal examination performed between the 
fifth and sixth months after the onset of 
stroke, he demonstrated excellent recovery 
of speech and linguistic functions. The 
most notable feature of his speech was the 
continued presence of frequent phonemic 
paraphasias, with numerous literal trans- 
positions. Otherwise, his speech was flu- 
ent, well articulated, and melodic; volume 


and syntax were normal. Paralinguistic 
communication was intact. 

Results of formal linguistic assessment 
are presented in the Table. The patient 
performed in the normal range in nearly 
every area. Four major assessment proto- 
cols, including the Multilingual Aphasia 
Examination, the Boston Diagnostic Apha- 
sia Examination, the Philadelphia Com- 
prehension Battery for Aphasia, and Cur- 
tiss-Yamada Comprehensive Language 
Evaluation, were conducted, and the 
results indicated that the patient had nor- 
mal semantics, syntax, and morphologic 
findings, both receptively and expressive- 
ly. 

The patient did, however, show several 
notable deficits. In dichotic listening to 
word pairs, he had major difficulty with 
words heard from the right ear (score, 52 
of 110), while performing at a near-normal 
level in words heard from the left ear 
(score, 90 of 110). He showed defective 
finger localization and recognition on the 
right hand. Tactile naming was impaired 
on the right side. There were no deficits in 
the left hand. These impairments are 
referable to the severe primary sensory 
compromise on the right side of his body. 
Calculation abilities, right-to-left discrim- 
ination, and writing of letters, numbers, 
and sentences (to copy or dictation and 
spontaneously) were normal. 

The patient performed in the average 
range on tests of verbal and nonverbal 
intellect (scores on the Wechsler Adult 
Intelligence Scale Revised-are as follows: 
Verbal IQ, 107; Performance IQ, 95), within 
expectations based on educational and 
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Se o Snag inn rm a, os e 


Result or Score* 
Ån” 


| 
| 
i Area Tested 
Speech 





Language 
Visual namingt 
Tactile namingt 
Right hand 
Left hand 
Responsive naming+ 
Sentence repetitiont 
Automatized sequences} 
Aural comprehension 
Words and phrasest 
Token testt 
Reading comprehension 
Words and phrasest 
Sentences and paragraphs+ 
Writing with preferred hand 
Copy 
Dictation 
Spontaneous 
Spellingt 
Oral 
Written 
Gestural praxis 
Right hand 
Left hand 
Verbal associative fluencyt 


a MS 


=a om A 











Acute Epoch 


Fluent; multiple phonemic paraphasias; 
slight dysarthria; normal volume and 
syntax 


42/60 (5th) 


3/16 (defective) 
8/16 (defective) 
24/30 (defective) 
6/14 (0) 

8/8 (intact) 


17/18 (41st) 
20/44 (0) 


18/ 18 (intact) 
5/10 (defective) 


Mild impairment 
Severe impairment 
Normal 


Not tested 
Not tested 


Mild impairment 
Normal 
12 (0) 





Chronic Epoch 


Fluent; frequent phonemic paraphasias; 
normal volume and syntax 








60/60 (intact) 






8/ 16 (defective) 
16/ 16 (intact) 
30/30 (intact) 
12/14 (intact) 
8/8 (intact) 








18/ 18 (intact) 
38/44 (9th) 






18/ 18 (intact) 
10/ 10 (intact) 








Normal 
Mild impairment 
Normal 







10/ 13 (40th) 
11/13 (70th) 







Normal 
Normal 
17 (3rd) 






*Parentheses contain percentile score or interpretation. 
tFrom Benton® (Multilingual Aphasia Examination). 
From Goodglass and Kaplan® (Boston Diagnostic Aphasia Examination). 
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occupational background. Immediate and 
delayed verbal and visual memory, assess- 
ed with the Wechsler Memory Scale, Rec- 
ognition Memory Test of Warrington, Ben- 
ton Visual Retention Test, and recall of the 
Rey-Osterrieth Complex Figure, were nor- 
mal. Visuoperceptive discrimination, vi- 
suospatial judgment, and visuoconstruc- 
tive abilities remained well preserved. 


Neuroimaging Results 


Computed tomographic studies were 
performed in the acute, periacute, and 
chronic epochs, and magnetic resonance 
imaging was performed 4 days after the 
infarction (Figure). These studies showed 
that the thalamus was entirely spared. 
Subjacent to the posterior temporal and 
inferior parietal cortices, there was a 
lesion in the white matter that extended to 
the trigone. The posterior insula was also 
damaged. 


COMMENT 


A patient with stroke presented 
with the unusual combination of a 





Transverse magnetic resonance sections (T.-weighted image) obtained four days after the 
infarction. The lower two cuts show the full preservation of the thalamus. There is an area of 
abnormal signal in the left hemisphere. It involves the white matter subjacent to the inferior 
parietal and posterior temporal cortices, including the thalamocortical connections between 
thalamus and parietal cortices. The posterior part of the insula is also involved, as can be seen on 


the middle cut. 
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dense hemianesthesia and aphasia, 
without concomitant motor or visual 
dysfunction. The anatomic localiza- 
tion of this combination of signs leads 
to consideration of the more common 
syndrome of “pure sensory stroke.” 
Fisher'*’* and Groothius et al’ argued 
that the syndrome of sensory stroke 
could be due to lesions anywhere 
along the sensory pathways, but that 
the thalamus was the most likely 
place. The brain stem and internal 
capsule contain tightly packed senso- 
ry fibers, but in close approximation 
to the corticospinal tract. Lesions in 
these areas may produce pure sensory 
stroke, but more likely lead to a senso- 
rimotor stroke.'*!! The thalamic radi- 
ations are part of the large, continu- 
ous fan of fibers that reciprocally 
connect the thalamus and cortex. One 
case of a lacunar infarction in the 
thalamic radiations leading to a “pure 
sensory syndrome” has been de- 


scribed, but the patient was not apha- 


sic.” Finally, a lesion in the primary 
sensory cortices could, obviously, 
produce a sensory deficit,” but, in this 
setting, the lesion is usually associ- 
ated with compromise of the territory 
of a large vessel leading to dysfunc- 
tion in sensory, motor, and visual sys- 
tems, as well as cognitive defects. 

In our patient, there were several 
reasons to believe that the thalamus 
was not directly involved in the 
infarction. The severity and unremit- 
ting nature of the sensory deficit are 
atypical for a thalamic lesion. Also, 
although certain lesion loci in the 
thalamus, especially involving the 
ventrolateral and anteroventral nu- 
clei, can lead to aphasia, the language 
defects in our patient are not charac- 
teristic of either thalamic aphasia 
or the “atypical” aphasia associated 
with basal ganglia infarctions.’ 
Instead, the aphasia most closely 
resembled a conduction aphasia, with 
disproportionate impairment of repe- 
tition and multiple phonemic para- 
phasias.6 Finally, somatosensory 
evoked potentials of our patient had 
normal N13 waves but a_ poorly 
defined N60 wave on the left side. In 
pure sensory stroke, somatosensory 
evoked potentials have been reported 
to be entirely normal” or to have 
prolonged N2 latencies.’ 

The neuroimaging data in our case 
clearly indicate that the thalamus 
was, in fact, entirely spared. The posi- 
tion of the lesion in white matter is 
such that it interrupts connections 
between the thalamus and parietal 
cortices. The posterior insula is also 
involved, allowing for the possibility 
of damage to the second sensory area 
and/or its connections. This cortex is 
located on the superior bank of the 
lateral sulcus within the postcentral 
gyrus and extends onto the insula. The 
persistent hemianesthesia in our 
patient may be attributable to the 
combined effects of the white matter 
and insular lesions, although either 
lesion might suffice. 

Along with the case reported by 
Rosenberg and Koller,'’* this case con- 
firms Fisher’s hypothesis that hemi- 
anesthesia can occur as a result of 
interruption of bidirectional connec- 
tions between the thalamus and pari- 
etal cortices. The conduction aphasia 
in our patient is in keeping with both 
the white matter localization, which 
disrupts a specific set of projections 
from auditory to motor regions,” and 
with the posterior insular involve- 
ment.” It is likely that the complete 
sparing of the inferior parietal lobule 
and the intactness of Wernicke’s area 
account for the excellent language 


Hemianesthesia—Hyman & Tranel 


recovery shown by this patient. Our 
case indicates that hemianesthesia 
-and aphasia can be viewed as a symp- 
tom cluster caused by disruption of 
both thalamocortical and auditory- 
motor projections. 


This investigation has been supported by pro- 
f ject grant Nos. NS 19632 and NS 26609, National 
Institute of Neurological and Communicative 
Disorders and Stroke, Bethesda, Md. 
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Iowa for anatomic interpretation of the neuroi- 
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e A 36-year-old man presented with ep- 
isodic exertional dyspnea, fluctuating ex- 
ercise intolerance, and myoglobinuria. He 
never experienced cramps or myalgias. 
Subsequent evaluation revealed carnitine 
palmitoyl transferase deficiency. The un- 
usual features of this case suggested that 
carnitine palmitoyl transferase deficiency 
-may have a more diverse clinical picture 
than previously described. 

1 (Arch Neurol. 1989;46:819-820) 


W e describe a patient with carnitine 

palmitoyl transferase deficiency 
who presented with episodic dyspnea. 
Cramps and exertional myalgias were 
never experienced by the patient. This 
article emphasizes that patients with 
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An Unusual Case of Carnitine 
Palmitoyl Transferase Deficiency 


carnitine palmitoy! transferase defi- 
ciency may have fluctuations in muscle 
performance and because of this may 
be misdiagnosed early in the course of 
their disease. 


REPORT OF A CASE 


A 36-year-old white man was admitted 
for evaluation of intermittent dyspnea and 
myoglobinuria. 

The patient first noted nonexertional 
dyspnea at the age of 33 years, occurring 
primarily at the end of the day and lasting 
several hours. During this time, however, 
he was able to run 10-km races without dif- 
ficulty, and he had previously run mara- 
thons. At the age of 34 years, he noted ex- 
ercise intolerance, and he went from being 
able to run 9.6 km/d to being overcome by 
dyspnea after two flights of stairs. He was 
hospitalized; results of his exercise stress 
test were normal, and cardiac and pulmo- 
nary angiograms were also normal. A pul- 
monary function test revealed a mildly de- 
creased forced expiratory volume in 1 sec- 
ond and forced vital capacity, suggesting a 
possible neuromuscular problem. Findings 
from a neurologic examination and routine 
muscle biopsy were normal and negative, 
respectively, and an electromyogram with 
repetitive nerve stimulation studies was 
normal. His symptoms subsided spontane- 
ously, and he resumed his normal running 
schedule. 

Six months later, exertional dyspnea re- 
turned, and on two occasions, myoglobin- 
uria and acute renal failure developed fol- 
lowing minimum exertion. He gradually 


Carnitine Palmitoyl Transferase— Galdi & Clark 


taigne P. Pure sensory stroke caused by small 
cortical infarct in the middle cerebral artery 
territory. Stroke. 1984;14:660-662. 

14. Gorelick PB, Hier DB, Benerento L, Levitt 
S, Tan W. Aphasia after left thalamic infarction. 
Arch Neurol. 1984;41:1296-1298. 

15. Damasio AR, Damasio H, Rizzo M, Varney 
N, Gersh F. Aphasia with nonhemorrhagic 
lesions in the basal ganglia and internal capsule. 
Arch Neurol. 1982;39:15-20. 

16. Naeser M, Alexander MP, Helm-Esta- 
brooks N, Levine HL, Laughlin SA, Geschwind N. 
Aphasia with predominantly subcortical lesion 
sites. Neurology. 1982;39:2-14. 

17. Robinson RK, Richey ET, Kase CS, Mohr 
JP. Somatosensory evoked potentials in pure 
sensory stroke and related conditions. Stroke. 
1986;16:818-823. 

18. Nelson FW, Grotta JC, Goldie WD. 
Somatosensory evoked potentials (SEPs) in pure 
sensory stroke (PSS). Stroke. 1986;17:778. 

19. Damasio H. Anatomical and neuroimaging 
contributions to the study of aphasia. In: Good- 
glass H, ed. Handbook of Neuropsychology: Lan- 
guage. New York, NY: Elsevier Science Publish- 
ing Co Inc. In press. 

20. Damasio H, Damasio AR. The anatomical 
basis of conduction aphasia. Brain. 1980;103:337- 
350. 


recovered and was admitted to the National 
Naval Medical Center, Bethesda, Md, for 
further evaluation. 

The patient was otherwise healthy, and 
he denied alcohol or drug use. His only 
medication was levothyroxine sodium (Syn- 
throid). There was no family history of 
neurologic or neuromuscular diseases. Re- 
sults of general physical and neurologic ex- 
aminations were normal, except for mild 
proximal weakness of the lower extremi- 
ties. 

Laboratory findings, including serum 
creatine kinase, carnitine, cholesterol, and 
triglyceride levels, were normal, as were 
findings from thyroid function studies. A 
urine screening for narcotics, barbiturates, 
and amphetamines was negative. A stan- 
dard forearm ischemic exercise test! re- 
vealed a fourfold rise in the venous lactate 
level and a fivefold rise in the venous am- 
monia level following 90 seconds of isch- 
emic exercise. The patient was fasted to as- 
sess his ability to produce ketone bodies, 
and his urine tested positive for ketone 
bodies 20 hours into the fast. Serum creat- 
ine kinase levels did not change signifi- 
cantly during the fast. A repeated biopsy 
specimen obtained from the left vastus lat- 
eralis muscle revealed normal histologic 
and histochemical features. There was no 
evidence of increased muscle glycogen or 
lipid deposits. Electron microscopy of the 
tissue disclosed morphologically normal 
mitochondria. Biochemical analysis indi- 
cated a total absence of carnitine palmitoy] 
transferase (CPT) activity. Muscle concen- 
trations of phosphorylase and carnitine 
were normal. 
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COMMENT 


Myoglobinuria usually signifies ex- 
tensive necrosis of muscle tissue and 
has diverse causes. Muscle trauma, fe- 
ver, unaccustomed exercise, drugs, 
toxins, and disorders of muscle energy 
metabolism have all been reported to 
produce episodic myoglobinuria.* In 
many cases, a specific cause cannot be 
determined, and it is suspected that in 
such cases a yet unrecognized muscle 
enzyme deficiency syndrome is to 
blame. The patient reported that he 
experienced two episodes of myoglobi- 
nuria following minimal exertion that 
prompted his medical examination. 
Muscle trauma, fever, heavy exercise, 
drug use, and toxin exposure, were 
eliminated as causative agents by his- 
tory and laboratory studies. The nor- 
mal rise in the venous lactate level 
with ischemic exercise, the absence of 
excessive amounts of glycogen depos- 
its in the muscle tissue, and the pres- 
ence of normal phosphorylase activity 
were evidence against a disorder of 
muscle glycogen or glucose metabo- 
lism. The diagnosis of CPT deficiency 


was suggested by biochemical analysis 
of the muscle tissue that indicated ab- 
sent CPT activity. Because the pa- 
tient’s clinical picture deviated signif- 
icantly from previously reported cases 
of CPT deficiency** we think this case 
merits further discussion. 

To our knowledge, selective involve- 
ment of respiratory muscles in isola- 
tion and intermittent dyspnea have 
never been reported before as the ini- 
tial manifestations of CPT deficiency. 
Episodic shortness of breath was the 
sole complaint in our patient and was 
so pronounced at times that he was 
initially examined for cardiopulmo- 
nary disease. Exertional cramps and 
myalgias that are thought to be char- 
acteristic of the disorder were never 
experienced by the patient. 

The intermittence of our patient’s 
symptoms also deserves further em- 
phasis. At times, the patient was ca- 
pable of running many miles without 
difficulty; yet, on other occasions, min- 
imal exertion induced debilitating dys- 
pnea. Awareness of the potential fluc- 
tuations of symptoms in patients with 
CPT deficiency is important because 
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such inconsistencies could easily lea 
one to label these patients as malin 
gerers or hysterics. This erroneou 
conclusion may be further supportec 
by the fact that the electromyogran 
and routine muscle biopsy findings ar 
frequently normal and negative, re 
spectively, in CPT-deficient patients 
In fact, if our patient had not devel 
oped myoglobinuria, his conditio 
probably would have been misdiag 
nosed as a psychosomatic disorder. 


Salvature DiMauro, MD, Columbia Universit 
Hospital, New York, NY, performed the biochem 
ical analysis in this study in his laboratory. 

We wish to thank Laura L. Garza for preparin; 
this manuscript. 
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Association With Periodic Lateralized Epileptiform Discharges 
in a Patient With Malignant Astrocytoma 


William B. Young, MD; Deborah O. Heros, MD; Bruce L. Ehrenberg, MD; Thomas R. Hedges III, MD 


è A patient with a right parietal glioma 
developed palinopsia and various forms 
of metamorphopsia that were temporally 
related to the electrographic presence of 
periodic lateralized epileptiform dis- 
charges. These symptoms occurred in an 
alert woman with normal visual fields. The 
literature shows that epileptic events can 
produce these symptoms. We believe that 
continuous repetitive electrical stimula- 
tion caused our patient’s unusual symp- 
toms by altering the association pathways 
through which visual data are experi- 
enced. To our knowledge, the association 
between periodic lateralized epileptiform 
discharges and metamorphopsia or pali- 
nopsia has heretofore not been reported. 

(Arch Neurol 1989;46:820-822) 
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eriodic lateralized epileptiform 

discharges (PLEDs) are semiregu- 
lar electroencephalographic (KEG) 
discharges that predominate in a 
hemisphere or focal region of the 
brain. They are most often found in 
patients with tumor, stroke, or central 
nervous system infection.'* Periodic 
lateralized epileptiform discharges 
have been reported in patients with 
multiple sclerosis and in patients with 
epilepsy but no established abnormal- 
ity.*4 Clinical findings associated with 
PLEDs include focal motor seizures, 
epilepsia partialis continua, paroxys- 
mal dystonic choreoathetosis, nystag- 
mus retractorius, and confusional 
states.'>’ We observed a patient who 
presented with complex visual phe- 
nomena whose symptoms correlated 
with the presence of PLEDs on her 
EEG. 

Metamorphopsia (the alteration in 
the shape or form of an object as it is 
perceived) and palinopsia (the recur- 
rence of a previously perceived image) 
are found in patients who have a 


variety of structural lesions from the 
retina to the cerebral cortex. Ictal 
activity generally leads to forced 
visual hallucinations of simple (lights, 
colors, shapes) or complex (recollec- 
tion of scenes) forms.*? Our patient 
had a structural lesion, but her com- 
plex visual symptomatology was 
present only when she had PLEDs. 


REPORT OF A CASE 


A 38-year-old, right-handed woman hat 
a grand mal seizure four months prior to 
hospital admission. A computed tomo- 
graphic scan showed an enhancing right 
parietal mass. A biopsy specimen reveale 
a grade III-IV astrocytoma, which we 
partially resected. The patient was treat« 
with 60 Gy of external beam irradiatic 
and interstitial iridium 192 implants for 
boost of 100 Gy. She continued to have ` 
occasional focal seizure.that consisted 
left arm and shoulder numbness and elr 
siness. An EEG correlation was 
obtained. 

One month prior to hospital admission, 
the patient noted that on looking from one 
object to the next, the first object would be 









r 
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superimposed on the second in the left 
visual field for several seconds. This symp- 
tom resolved after an increased dexameth- 
asone dose. The day prior to hospital 
admission the patient had a five-hour spell 
consisting of left arm dysesthesia, an 
altered sensorium, and a few minutes of 
involuntary movements of her left limbs. 
These symptoms resolved abruptly. Sever- 
al hours later she noted that street lights 
-and other colored objects had a nearly 
intolerable intensity. This resolved in 
approximately one hour. 

The next morning she noted a dramatic 
alteration in her visual perception. Previ- 
ously seen objects, including a carved 
goose, cat’s eyes, and an inverted head 

| floated in from the left and superimposed 
themselves on real objects. Faces appeared 
distorted. One object on a table appeared 
as many. A hand placed in her left visual 
field would appear to persist even when it 
-was removed. Her son’s head appeared 
‘split between the eyes and nose with the 
‘two parts separated horizontally. She also 
felt she had diminished awareness of 
objects in her left visual field. She felt 
unsure of the orientation of her own body 
parts, feeling her arms were crossed when 
hey were not. When she walked her left 


foot seemed to come out of nowhere to 
adversely influence her gait. She also felt 
parts of objects in front of her were not 
organized normally in space. For example, 
when presented with written material, she 
would gyrate with her body and twist the 
page stating she “needed to find the begin- 
ning of it.” She then would read several 
sentences rapidly and accurately before 
getting “lost” and it would take several 
minutes to find her place again. 

Mental status testing at the time of 
hospital admission was notable only for 
minimal left-sided neglect. A slight left 
hemiparesis with minimal reflex asymme- 
try and downward pointing toes was noted. 
Findings from a _neuro-ophthalmologic 
evaluation, including Goldmann perime- 
try, were normal. A head computed tomo- 
graphic scan (Fig 1) revealed no change 
since her previous study. An EEG (Fig 2) 
revealed PLEDs with a repetitive rate of 1 
to 1.5 Hz in the right parietal region and 
right-sided slowing. 

The patient was treated with lorazepam 
and her phenytoin level was increased 
from 8 to 14 mg/L with some relief of her 
symptoms. However, the following day the 
symptoms returned and continued to wax 
and wane during her six-day hospital stay. 


During this time, she had bizarre halluci- 
nations concerning faces: one day all visi- 
tors had beards sprouting from their faces; 
on another day they were balding; at one 
time eyes left the skull and rotated in front 





Fig 1.—Contrast enhanced computed tomo- 
graphic scan reveals right parietal tumor. 





Fig 2.—Left, Electroencephalographic (EEG) tracing taken while patient experienced positive visual symptoms reveals 
it periodic lateralized epileptiform discharges maximal over P4, with : 
i parietal lobe. Alpha rhythm is absent in affected hemisphere. Right, EEG tracing taken when symptoms had resolved. Alpha N 
rhythm has returned and is magnified by skull defect. There is underlying delta rhythm. According to International 10-20 


spread to ipsilateral temporal lobe and to contralateral 


System, channel 1 indicates Faiz; =: F,-T;; LA T3-Ts; 4, T,-O;; 5, F iF 3; 6, F.-C,; T C,-P3; 8, P,-O,; 9, F,-C,; 10, C,-P.; As; 
FaFa 12, Fy-C,; 13, Cy-P,; 14, P,-O2; 15, Fyo-Fe; 16, Fe-T,; 17, T,-T,; 18, T,-O.; 19, electrooculogram; 20, respirations; and 
21, electrocardiogram. Each vertical line is separated by 1 s. Each small square on line marked ‘‘M2”’ is 7 mV in height. 
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of their heads; chins deviated to the right; 
and features of people disappeared and 
reappeared. She had recurring spatial dis- 
orientation with the sensation of objects 
rotating around her, a loss of depth percep- 
tion, and an inability to tell if objects were 
flat or round. At one time she felt her bed 
had gotten shorter in length; at another 
she saw objects in front of her getting 
smaller; and at times she had difficulty 
figuring out how to hold a phone. 

The patient’s condition improved after 
she started carbamazepine treatment. She 
was discharged from the hospital with 
continued visual symptomatology. On 
being driven home from the hospital she 
looked out and saw a field with people 
playing soccer on it. Suddenly all the soc- 
cer players appeared lilliputian. Several 
weeks later her symptoms dramatically 
improved. One month after hospital dis- 
charge her only complaints were of slight 
left-sided incoordination and of decreased 
awareness of the position of her left limbs 
in space. An EEG (Fig 2) showed that a 
9-Hz posterior rhythm had replaced the 
PLEDs, although there were still changes 
consistent with focal cerebral dysfunction 
and a skull defect in the right posterior 
quadrant. 


COMMENT 


Our patient displayed a remarkable 
variety of positive visual symptoms. 
At various times she experienced 
visual perseveration, palinopsia, poly- 
opia (the appearance of multiple 
objects in the place of one), dyschro- 
matopsia (an alteration in the per- 
ceived color of an object), micropsia, 
facial metamorphopsia, distortions, 
as well as various kinds of spatial 
disorientation. Like most patients 
with positive visual phenomena, her 
palinopsia was unilateral, her meta- 
morphopsia was bilateral, her symp- 
toms frequently involved the visual 
interpretation of faces, and they were 
based on a lesion in the right hemi- 
sphere. Interestingly, these symptoms 
occurred in the absence of a visual- 
field deficit. 

Chatrian et al' noted that the repet- 
itive rates of PLEDs decrease and 
then finally disappear over a period of 
several days to one month. During 
this time, the symptoms generally 
diminish and then disappear.' The 
progress of this patient’s disease is 
consistent with the natural history of 
PLEDs and the symptoms that 
accompany them. 

Most of the symptomatology de- 
scribed in patients with PLEDs has 
little to do with complex visual phe- 
nomena. Only four of 29 patients in 
the series of Chatrian et al' had “con- 
tinuous psychical seizures” character- 
ized by incessant visual and/or audi- 
tory hallucinations. Two of these 
patients had long-standing schizo- 
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phrenia.' Of patients with acute con- 
fusional episodes and PLEDs, five of 
seven had visual hallucinations, and 
in one case illusions, associated with 
their illnesses.® In another series, one 
of seven patients with chronic PLEDs 
had visual hallucinations.'’® While the 
above visual symptoms have been 
seen with PLEDs, to the best of our 
knowledge, palinopsia and metamor- 
phopsia have not been reported in this 
setting. 

Palinopsia and metamorphopsia 
can occur as manifestations of sei- 
zures. In the series of Critchley," one 
of seven patients had a clinical seizure 
with palinopsia and macropsia. In the 
series of Bender et al,” one of 12 
patients experienced palinopsia as an 
aura to a convulsion. Van Bogaert” 
described two patients with epileptic 
teleopsia and lilliputianism. Accord- 
ing to Mullan and Penfield,'* of 214 
surgically treated patients with tem- 
poral lobe seizures, 12 had metamor- 
phopsia occurring spontaneously or as 
a result of cortical stimulation of the 
temporal or parietal lobes. Another 
series describes palinopsia and meta- 
morphopsia in patients with occipital 
lobe seizures.’ In a series of patients 
with visual seizures after penetrating 
head wounds, several of the seizure 
descriptions are of classic metamor- 
phopsia.? A patient with epileptic 
facial metamorphopsia has been 
described." In addition, many of the 
patients of Critchley'! and Bender et 
al had palinopsia consistent with an 
epileptic event—that is as episodic 
events in patients with other seizure 
types. 

In 1949, Critchley suggested that a 
release or distortion of visual associa- 
tions may alter the appearance of an 
object and produce metamorphopsia. 
This release or distortion may occur 
as a result of structural lesions, epi- 
lepsy, migraine, febrile states, and 
drug intoxications.'* To the best of our 
knowledge, no one has challenged this 
formulation, despite the implied 
involvement of both “positive” and 
“negative” causes. Lessell'’ suggested 
that palinopsia is a type of release 
hallucination allowing for a recurring 
sequence of storage and retrieval to 
occur between areas of visual memory 
and visual association. Cummings et 
al agreed with Lessell but suggested 
that palinopsia should be distin- 
guished from ictal visual persevera- 
tion associated with sensory seizures. 
Periodic lateralized epileptiform dis- 
charges are commonly seen with pro- 
longed periods of focal limb twitching, 
in muscles that are otherwise 
nonfunctioning due to the lesion that 
































caused the PLEDs, but they may 
involve otherwise unaffected are 
due to the spreading of electrica 
impulses. Perhaps our patient demon: 
strates that, as with epileptic positiv 
visual phenomena, PLEDs ca 
produce an electrical alteration o 
visual association pathways, eithe 
directly or through electrical spread 
leaving primary vi 


visual fields). This can cause palinop- 
sia and metamorphopsia and is per 
sistent over as long a period of time a 
the PLEDs themselves. 
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CONFERENCE OBJECTIVES 


f 
_..1. Surgeons will explore current concepts in boneworking through lec- 
tures, conferences, and clinical procedures on video. 







OR personnel will participate in the same activities. 


. Surgeons will participate in hands-on workshops with advanced 
pneumatic instrumentation so their boneworking problems will be 
refined, expedited, and facilitated. 


OR personne! will participate in hands-on workshops as well as give 
particular attention to equipment care and maintenance, so that 
when OR personnel have completed the course, they will have im- 
proved competence in OR support. 

III. Surgeons who have completed the symposium should be able to ap- 
ply immediately their amplified skills in the operating room to do 
their bonework per se in the time delineated:+ 























Mmporal flap, 11⁄2 min. * Posterior craniec- 
erior tanio omy, 1-2 min. * Free tem- 
| poral flap, 1 min. ¢ Burtyhole, sec. ® Hemicraniotomy, 2 min. ° 
Bilateral frontal flap, 31⁄2 min. e° ost@eplastic subdural buttons, 2 
min. ¢ Work about the cliyus ot ion anchors * Cranioplasty. 


CRANIUM?: Osteoplastic 
tomy, 45-60 sec. * Osteoplastie po 















CRANIOFACIAL, MAXILLOFACIAE*: Frontal ¢ Maxillectomy * 
ygomectomy * Orbital ¢ Supra-orb Infra orbit ¢ Mandibular resec- 
tion © Mandibular osteotomy adibular reduction ¢ Facial fractures * 
Suture holes. 


rint h ine acoustic neuroma, 
rbital fossa dissection. 


5 cervical fusion with 
prolateral fusions ® 
D sec. © Osteophyte 
a gton rod transec- 
pridr © Disc and nerve 
wn ole fusions, 1-8 min. 


SPINE?T: 4-Plac 
osteophyte reģ 
Posterior interb 
removals, 30 s d e k~ 
tion in situ, 2 min 


root problems ute A! 
a" 
BIOPLASTICSt: Meth¥lmetiiacrplate — dissect, 
Polyethylene Shae in sit idest in situ, 


“Bankes 












eMeise, shape ° 
ansect in situ, shape. 





| BIOMETALSt: (Superalloys, Titaninm alloys, Stainless steels) Transect 
and shape i in OR, 146 min.; in situ, 146 min. 


h tProcedural times refer to the actual time of running the instrument. 


Ras surgeons will be furnished sufficient materials and advice necessary for 
if iny special procedure they may envision. Plastic, Craniofacial, Max- 
$ Uofacial, and ENT problems will be explored according to the individual 
d wishes of the surgeons. 


4 CONFERENCE HOURS: Most conferences begin at 7:00 a.m. and end 
f at 1:00 p.m., allowing for other activities in the afternoon and evening. 


{ y REDITS: Each of these conferences qualifies for AMA-CME credit. 
A - Surgeon — US $965.00; Resident — US $585.00 (with letter from 
_ department head); All Operating Room Personnel (RN/CST/PA/Other) — 

Y S $250.00. Enroll by check and letter. All enrollments and fee payments 

4 are made through the Midas Rex Office in Fort Worth. 


| For additional information, call or write. 
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NEUROSURGICAL 
SYMPOSIA HANDS-ON WORKSHOPS 


ENT, Maxillofacial, Plastic and ORL Surgeons | a 


should attend conferences for Neurosurgeons. 
EXTENSION SITES 


CLEVELAND, OH, AUG. 9-10-11. Cosponsored by 
The Cleveland Clinic Foundation, Department of 





Neurosurgery. 


HILTON HEAD ISLAND, SC, AUG. 14-15-16. Co 
sponsored by the Hilton Head Island Neurosurgical 
Symposium, 1989. (Immediately precedes the Hilton ` 





Head Island Neurosurgical Symposium.) 


WORCESTE AUG. 23-24-25. Cosponsored 
by Saint Vincent Hospital in affiliation with the 
University of Massachusetts Medical School, Depart- _ 


ment of Neurosurgery. 


PITTSBURGH, PA, SEPT. 6-7-8. Cosponsored by | 





the West Virginia University School of Medicine, 


Department of oe and Allegheny General i 
Hospital, Department of Neurosurgery. 


MONTREAL, QUEBEC, CAN, OCT. 9-10-11. 
ANAHEIM, CA, OCT. 19-20-21. 


ATLANTA, GA, OCT. 26-27-28. (Immediately pre- 
cedes the Congress of Neurological Surgeons | 
meetings.) 


KEY WEST, FL, JAN. 17-18-19, 1990. Cosponsored © 
by Memorial Medical Center, Savannah, Georgia. | 


NEW ORLEANS, LA, FEB. 3-4-5, 1990. 
PERMANENT SITES 





Hands-on workshops are held weekly in the perma- _ 
nent facility locations listed below. For schedules of | 
these courses see permanent facility announcements — 
elsewhere in this journal, or you may telephone to re- 


quest a complete calendar of hands-on workshops. _ 


DALLAS/FORT WORTH, Home Office, 2929. 
Race Street, Fort Worth, Texas. 


NEW YORK CITY, 115 East 61st Street, Lower 
Level. $ 


THE PALM BEACHES, 529 25th Street, West _ 








Palm Beach, Florida. — 


CHICAGO, 728 West Algonquin Road, Arlington 3 
Heights, Illinois. 


LOS ANGELES/ANAHEIM, 625 West Katella, 
Unit 22, Orange, California. 


Join the more than 7,300 enrollees who have completed Midas Rex Hands-On Workshops. 
(3,700 Orthopaedic sais 1,500 N sionals 2,100 OR Personnel) 


a 


"> "ene FY: 
zi 


Its / 


Hundreds of Institutions 


Around You 


Thousands of Clinicians 


Tens of ‘Thousands of Patients 


All utilizing the information provided by Topographic Brain Mapping. 
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EEG Mapper 


Now from the leader ...a modestly priced addition to the 
world renowned Brain Atlas series. 


Whenever professionals interested in 
the brain think about advanced analysis, 
Topographic Brain Mapping comes to mind. 
Now Bio-logic has developed the Brain 
Atlas EEG Mapper; a modestly priced 
system for adding topographic mapping 
to your EEG machine. 

Use your EEG machine with the EEG 
Mapper and save money 

The Bio-logic EEG Mapper connects 
to your existing EEG machine via a cable. 
It is able to process up to 32 signal sources. 
EEG Mapper translates the EEG signals 
into multi-color topographic maps, capable 
of indicating even subtle abnormalities. 


Call toll free at: 800-323-8326 
Corporate 


Headquarters 
One Bio-logic Plaza 
Mundelein, IL 60060 


illinois call collect: 312-949-5200 
Telex: 650-1733095 MCI 
FAX: 312-949-8615 


A powerful package with 
a distinguished heritage 

The EEG Mapper is derived from our 
Brain Atlas series. The EEG Mapper brings 
you the EEG analysis power of the Brain 
Atlas at an entry level price. The EEG 
Mapper can even be upgraded to a full 
featured Brain Atlas. 


Patient analysis and comparisons 
Both analysis and comparison to 
normal population are at your fingertips. 
The topographic maps may be easily 
manipulated to show a variety of views, 
summaries, and specific localizations. 


Europe/Middle East 

Dickenson House, Albion Street, 
Chipping Norton, Oxfordshire, 
UK 0X7 5BJ 


Telephone: 44 608 41 981 
Telex: Ref. EEGOO1, 
265871 MONREF G 
FAX: 44 608 41887 





EEG Mapper is yours to command 

Interested in frequency analysis? Th 
EEG Mapper will perform an FFT with 
just one command. How about Process 
EEG? The EEG Mapper also performs 
CSA with the push of just one button. 

Tired of mountains of paper? The EE 
Mapper can store it for you, electronicall 
in digital form (with an optional paper 
printout). Would you like to pick the EE 
to save or analyze, editing out any artifaj 
included? The EEG Mapper will let you 
separate the good data from the bad. Yo 
may even use digital filtering to remove 
interference after the fact. 
View and Review . 

Ever wish you could replay EEG with 
a different montage? The EEG Mapper 
can. If you record in a referential montage 
it may be replayed through your EEG 
machine in any montage you choose. 
Look and See 

See for yourself. The EEG Mapper is 
just the size of a desk top computer. Cal! 
and arrange for one of our professionals 
to demonstrate the EEG Mapper right ir 
your office. 
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